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Abstract 
The main objective of this work has been to design and synthesise new photoreversible 
metal chelating agents. The reversibility is effected mainly by using light as a switch to 
isomerise two forms of a chelating agent, ＨＱｾ＠ 2 ), where R2 is a metal complexing 
group. 
(1 ) colourless 
UV light R 
1 
Visible light 
(2) coloured 
Highlighted in this thesis is the problem of why some compounds show limited 
photoreversible and chelating properties and therefore the need to tune the systems to 
compensate for the shift in photodynamic equilibria caused by the inherent stabilisation 
of the chelated form by the process of co-ordination. By strategically placing substituents 
(i.e. electronic tuning) on the crowned indolospirobenzopyran rings, chelating ability can 
be tuned to obtain photoreversible binding agents. 
However thermal equilibration of the systems was observed and there was a need for 
development of systems with larger energy barriers between the various photoisomers 
and therefore, sterically restricted photochromic systems have been examined as a 
means for controlling the photochromic (and hence metal chelating) process. 
A demonstration that photoreversible chelating agents can be used to transport ions 
through a membrane under photochemical control has been made. 
v 
Forward 
Writing on photochromic systems generates various problems in nomenclature and 
concepts. The concept of photochromism in Chapter 1, where various photochemical 
mechanisms which constitute photochromism are described and discussed. 
Chapter 2 introduces the reader to the metal-ion chemistry of the crown ethers and 
includes the concepts of host-guest chemistry, molecular recognition, complexation 
and transportation. 
Chapter 3 provides a review which includes up-to-date developments in the exciting and 
stimulating phenomenon of photochromism; this chapter outlines how systems that have 
been developed have led to quite a number of practical applications including those used 
a photoreversible chelating agents. 
The subsequent chapters, (4 to 7), report the results, including the syntheses that were 
involved. A detailed account of the results and a discussion are provided. 
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Chapter 1 
The Phenomenon called Photochromism 
1.1 Introduction 
Many compounds such as dyes and other chemical systems exhibit a colour change 
when exposed to certain types of irradiation but regain their original colour when placed 
in the dark. 
This reversible colour forming process has been called photochromism.1 
Some compounds maybe photochemically converted to a stable isomer, the reverse 
reaction being stimulated by irradiation at a different wavelength of light rather than by 
heat. Such systems are fairly uncommon and are not defined as photochromic. 
Photochromism has been defined as 
"the reversible absorption change undergone by a single chemical species 
when a suitable activating source irradiates the system. Upon removal of 
the activating source, the induced absorption of colour spontaneously 
disappears". 2 
In such systems, the reverse process is generally thermal, however the reverse process 
can also be induced by electromagnetic radiation between two states when they have 
different distinguishable absorption spectra. The radiation changes may be induced by 
UV, Visible and even Infra-red radiation. Reversibility is the important criteria. One 
emphasizes reversibility because, upon removal of the activating radiation, the system 
must revert to the original state to be considered photochromic. The reversible or self-
bleaching feature distinguishes photochromism from the well known irreversible 
photoinduced reactions. This definition of photochromism is widely accepted. A wide 
range of compounds exhibit photochromism. 
1.2 General description of photochromic systems 
A photochromic substance is one that changes colour under the influence of light, this 
change generally (but not always) being reversible in the dark. The photochromic 
substance should therefore adapt its transmission to the intensity of incident light; the 
stronger the light, the more the photochromic system absorbs it. 
1 
Most photochromic systems are based on unimolecular reactions. A photoreversible 
reaction between A and B (Figure 1) demonstrates that both A and B have different !v 
max values. 
I 
unimolecular 
Figure 1; A and 8 have different ;t max: values. (adapted from ref 3) 
In Figure 2 the starting material A, induced by electromagnetic radiation undergoes 
transformation into product B. The back reaction of 8 - A is shown to occur 
thermally. 
Ab 
due to 
B 
-EXCITING RADIATION ON 
STEADY STATE 
CONCENTRATION 
EXCITING RADIATION 
OFF 
t1 llME t2- decolouration period 
- golouration period- -
light ) ｾｳ＠
dark 
Figure 2; A typical curve for a photochromic system A ｾ＠ B ( Ab=absorbance due 
to the coloured species 8 Vs time at a given wavelength) . Taken from ref 3. 
2 
The radiation hu1, that will cause the photochromic reaction, is generally associated with 
elecromagnetic energies lying in the UV and visible regions. 
This is the activating radiation which causes the system A (with an absorption at 
wavelength A-1) to convert to the system B (with its absorption at wavelength A-2). The 
back reaction B ｾ＠ A normally occurs thermally as well as photochemically. In this 
system, B may be considered to be thermodynamically less stable than A and 
spontaneous reverts to A. Thus, the relative proportion or equilibrium between A and B 
will depend on the relative rates of A and B under the given conditions. The return of 
system B to A is the reversible feature in photochromic systems. 
In many cases, the reversion of system 8 into system A may be accelerated by radiation 
at hu2 and this commonly resides in the visible or infra-red regions. 
In association with the photochromic reaction, there are often competing reversible and 
irreversible side reactions accompanying the primary reversible reaction, for example 
Scheme 1 may be a more realistic photochromic system. 
A Ｚ［［ｲ］］ｾ＠ 8 -. C, etc 
ｾ＠I D ,. E, etc 
F -. G, etc 
Scheme 1 
The product 8 may undergo further photochemical equilibrations to give C and also less 
efficient reactions lead to D and F formation which eventually consumes either A or B. In 
certain systems, these side reactions are not as important but, in the majority of the 
available photochromic compounds currently available, these side reactions eventually 
deplete the A and 8 states or the products form optical barriers for the activating radiation 
that impairs photochromic behaviour. 
3 
As shown in Scheme 2, two consecutive irreversible reactions can mislead, giving an 
apparent photochromic reaction in which this induced product B appears and this then 
'fades' by a subsequent irreversible reaction to give C, rather than reverting back to A. 
ａＭＭｾＭＭｳＭＭ•ＭＭ c 
Scheme 2 
Note the emphasis in the above has been on the reversible nature or aspects of this 
phenomenon. 
1.3 Photochemical Concepts 
There are many types of photochromic materials available and rely on different 
photochemical mechanisms for their behaviour. Photochromism has been observed in 
both organic and inorganic materials and the mechanisms involved are becoming more 
clearer at this time. 
Photochromic materials are of interest to the photographic and optical industries. 
The future development and use of photochromics will rely on the judicious choice of a 
specific photochromic material and its incorporation into a given optical or photographic 
system. 
1.3.1 Absorption of energy 
Absorption Spectra - Many photochromics may be activated by ultraviolet or visible light. 
This means that the photochromic material absorbs photons in this particular region of 
the electromagnetic spectrum and that a subsequent reaction takes place. 
The Grothus-Draper Law states that only those photons that are absorbed can cause a 
photochemical reaction and this is considered to be the first law of photochemistry.4 
One may calculate the energy E, absorbed by the photochromic system from equation 1. 
Where 
E= energy 
o= frequency 
c= speed of light 
'A= wavelength 
h= Planck's constant 
E=hu = he I 'A equation 1 
4 
From a mechanistic point of view, this energy region falls in the area where electrons 
associated with molecules may be raised to higher energy levels and cause, for example 
subsequent chemical bond breaking. 
1.3.2 Absorption vs excited spectra 
It is important to note the absorption spectrum of a photochromic compound will differ 
from that of its photoisomer. 
The absorption spectrum refers to the amount of radiation absorbed as radiation of 
different wavelengths is passed through the compound. 
The absorption of radiation may be described by the Beer-Lambert Law, 5 
written as equation 2. 
10 I I = 10 eel 
DENSITY= logl 0 /l = 8CI 
equation 2 
Ia = incident radiation 
I = radiation transmitted through the 
distance of 1cm. 
c = concentration (moles per I) 
8 = constant for that particular system 
known as molar extinction coefficient 
The transmission of light through a photochromic compound that absorbs that radiation 
will follow an exponential decay as the light passes through the photochromic material. 
The extinction coefficient reflects the probability that at a given wavelength an absorption 
or a quantum will lead to a given interaction with the molecule. 
1.3.3 Energy levels. electronic states and chemical bonds 
The photochromic materials to be discussed through out this thesis proceed through 
different photoexcited states. These excited states represent different electronic 
configurations of the photochromic systems. Atomic and molecular orbitals of certain 
configurations may be mathematically presented by one-electron wave functions which 
predict the probability of finding an electron at a certain region related to the atomic 
nucleus under consideration. Molecular orbitals are wave functions that predict the 
5 
probability of finding electrons associated with nuclei. Chemical bonds can be visualised 
as regions of high electron density between atoms or nuclei and will have special spatial 
configurations. And. as photochromism takes place between molecular systems. the 
electronic states and their spatial configurations will change as the system A proceeds to 
the system B. 
The Pauli Exclusion Principle6 states that no two electrons may have the same set of 
quantum numbers. As two electrons are associated with a chemical bond. or bonding 
orbital. then in that molecular orbital the two electrons have the same quantum numbers 
except for their spin. In the absorption of energy by the ground state or bonding orbital of 
a molecule and the subsequent transition of electrons to higher energy states. the 
electrons pass from their bonding orbitals through non-bonding to anti-bonding orbitals. 
These excited electronic states have quantum number and spatial configurations different 
from those of the ground state. 
The energy states of these photoexcited electrons are of interest in studying 
photochromic systems. because they allow an insight into the mechanism responsible for 
the photochromic reaction. The energy level diagram in Figure 3 will help in following a 
few of the mechanisms to be discussed such as. for example. triplet-triplet and 
spiropyran photochromism. 
The absorption of energy by a photochromic system in the ground state allows an 
electron to be activated to a higher singlet energy state without change in its spin 
quantum number. In order to lose this excess of energy, the electron may take different 
paths to return to the original ground state or to another ground state. The electronic 
energy level diagram allows us to consider these different paths and some of the possible 
modes of photochromism. This diagram is most applicable to triplet-triplet 
photochromism and spiropyran photochromism. 
The ground state energy level is labelled So in Figure 3. As described above in the 
section reviewing the general photochemical laws. there are discrete energy levels to 
which an electron in the ground state may be excited according to quantum theory. 
Thus. the absorption of a photon from the activating source by a photochromic system in 
6 
its ground state may be viewed as the collision of a photon with the molecule and the 
consequent transfer of quantized energy and transition of an electron to a higher singlet 
state, S1* or S2*, etc. In this diagram, for simplicity the rotational energy sub-levels 
associated with S0 , S1* and S2* have been omitted. 
* s 3 
l 
I' 
hv 
Absor ptior 
T3 
ｾ＠
T2 
hv 
Absorpti 
ｾＧＭＭＩｾｃ＠
on 
ＧＬｾｾ＠
' I T1 
I 
I 
hv I I hvlll I 
I Fluorescence I Phos I 
I 
phorescence 
I 
y ' 
' 
Energy Level Diagram 
Figure 3 
As the electron is raised to one of the higher energy levels, S*1, S*2, it maintains its spin 
quantum number. Hund's Rule states that the transition of an electron to another state of 
different spin or multiplicity is not very probable or in others .. forbidden" . 
The fate of the excited state depends on the available processes responsible for losing its 
excess energy. Some of the overall processes that may occur are photochemical 
(reactions, for example, that produce new molecular species) or photophysical (radiative 
emission and radiationless thermal emission causing deactivation to the ground) 
(equation 3). 
Photochemical processes involving the excited singlet or triplet states to produce new 
molecular systems require a structural rearrangement of the atoms of the original system. 
This type is found in photochromic reactions involving, for example, cis-trans isomerism, 
or homolytic or heterolytic bond cleavage reactions. In photochromic reactions, these 
new ground states often have higher energy content than the original ground states, i.e. 
are thermodynamically less stable than the original molecule and can revert to the 
7 
original molecule by thermal means. (equation 3) An excited singlet state can also lose 
its excess energy by emitting it as radiation in the form of fluorescence or it can return by 
thermal deactivations (collisions with surroundings, neighbouring atoms, etc) without 
emission of radiation . In the energy-level diagram, Figure 3, radiationless transitions are 
shown by dashed lines and radiation transitions by full lines. In the case of the radiating 
transition from S*1, to So, fluorescence would occur (equation 4): 
hv 
So • S1* • So +thermal energy (no radiation) 
equation 3 
hv equation 4 
So • S1* • So +radiant energy (fluoresence) 
Another path is the "forbidden" path, of low probability, whereby the excited singlet, S*1 
crosses to the triplet manifold by a radiationless transition. This is shown in the diagram 
by S*1 (labelled ISC, intersystem crossing ) since it is most likely that the excited singlet 
to triplet transition occurs from the lowest singlet, S*1. The triplet state is distinguished 
from the original singlet state by its different spin quantum number. 
The following event can now occur at T 1. The triplet state can absorb energy from a 
photon, and the electron (unpaired species) can be raised to higher energy triplet states 
T2, etc. This triplet-triplet absorption can manifests itself as a photochromic reaction, 
since now the system absorbs radiation in a part of the spectrum different from that of the 
So-S*1, etc, absorption band.7 
The apparent bleaching of photochromic systems involving the triplet-triplet mechanism is 
very fast, usually occurring in seconds or fractions of a second. This is a consequence of 
the depopulation of the metastable lowest lying triplet state, T1 to S0 in about 1 o-3 to 10 
seconds. The depopulation is relatively slow, however, compared with S*1-S0 transitions 
that occur in the 1 o-9 seconds range and may be attributed again to the low probability of 
transitions that require spin changes (Hund's Rule). This transition may be by radiation, 
phosphorescence, or radiationless. 
8 
T1--.. • S0 +thermal energy (no radiation) equation 5 
ｔＱＭＭｾ•ｓ Ｐ＠ + hv (phosphoresence) equation 6 
Thus, intersystem crossing to a triplet state has low probability but may be 
possible with either 
(1) subsequent photochemical product formation, as in the spiropyrans, 
(2) further absorption of energy, triplet-triplet absorption 
(3) radiationless return to So (equation 5) or 
(4) phosphorescence, radiation to So (equation 6). 
It is the multiplicity of paths which excited electronic states may take that 
contributes to the difficulty in classifying photochromic reactions. 
1.4 Types of photochromic systems 
1.4.1 Triplet- triplet absorption 
Relatively long lived triplet states can occur in polycyclic aromatic compounds. An 
example includes fluorescein in a boronic acid matrix8 and picene in rigid matrices such 
as polymer films. 9 This process is affected by oxygen which is a good quencher of the 
triplet state, and the life time of the triplet state is too short to be of any direct application 
for example as in an imaging system. This type of mechanism has been discussed in 
more depth in section 1.3.3. 
1.4.2 Cis ... Trans isomerisation 
Compounds have shown to exhibit cis - trans isomerisation according to the generalised 
Scheme 3. 
hv 
Trans Cis 
6T or hv' 
Scheme 3 
9 
When the double bonds of alkenes, azomethines, or azo compounds are excited either 
directly or via spectral sensitisers, a reversible cis- trans isomerisation is observed. The 
two configurational isomers usually differ in the positions and intensities of their UV 
absorption maxima. 
Compounds which exhibit cis-trans isomerisation, include those with ethylenic double 
bonds (such as stilbenes 10 and indigoid 11 dyes), and those with azomethine linkages. 12 
An example is given in Scheme 4. 
hv 
(1) trans (2) cis 
Scheme 4 
N,N'-Disubstituted indigo derivatives such as the example given in Scheme 4 have been 
suggested as combined solar energy storage and conversion systems. These 
photochromic systems have been extensively reviewed by Ross & Blanc. 13 The open 
form of the spiropyran system 14 also undergo cis-trans isomerisation, as discussed under 
the heading pericyclic reactions. 
1.4.3 Redox reactions 
Photoredox reactions are based on electron transfer. An example of electron transfer in 
organic chemistry is the methylene blue system (Scheme 5).15 
10 
Fe3+ I -Fe2+ l 
H hv 
ｾｾ＠ oxidation(-2e) ｾｾ＠ｾ＠ ｾ＠ reduction (+2e) ｾＢｾ＠ + + H 
(CH3hN ｾ＠ S N(CH3h ｾｔ＠ (CH3hN S N(CH3h 
COLOURLESS DYE 
1 Fe2+ I -Fe3+ 
Scheme 5 
The forward reaction involves absorption of a photon by the colourless (leu co) reduced 
form. This excited state can be oxidised to the normal or coloured form of the dye. The 
two forms are interconvertable by a photochemically induced two electron redox reaction. 
The reverse or thermal process, in the absence of radiation, involves the reduction back 
to the colourless form. The rates of the forward and backward reactions and the intensity 
of colour produced depend upon the temperature, pH, concentration of dye, reducing 
agent and oxidising agent, and matrix or solvent used for the system. The system is 
susceptible to interference by oxygen, which destroys the reversibility when Fe (II) I Fe 
(Ill) is used as the redox system. The success of the photochromic system depends 
upon complete reversibility of the dye and the reducing agent between their different 
oxidation states. Generally these characteristics are achieved in solution in the absence 
of oxygen but good results have been achieved in a rigid silica gel matrix. l5 
1.4.4 Tautomerization 
Light-induced tautomerizations can occur in the form of prototropic rearrangements as in 
as in the case of salicylidene-anilines (Scheme 6). 16 
11 
hv R-ocl ｾｾ＠
ｾ＠ / 
0 
ｒｾｾＭｯ＠
L':.Thv ｾＰ＠ H 
R= aryl group, methyl group 
Scheme 6 
This type of protropic process may be either thermally or photochemically activated. This 
type of prototropic behavior is responsible for the photochromism. 
1.45 Dissociation 
A number of organic compounds reversibly dissociate into free radicals by optical 
dissociation or by energy transfer from an absorbing species, see Scheme 7. 
hv 
X-Y x.. + y. 
6 T or dark 
Scheme 7 
These dissociations are accompanied by a change in spectral absorbance due to the 
formation of coloured radicals which may be stable and persist for long periods of time. 
An example of this type is the cleavage of hexaphenylbisimidazole17, which on exposure 
to light, yields a coloured free radical (Scheme 8). 
hv 
6.T or dark 
Scheme 8 
12 
The radicals that are generated are highly reactive and can combine with oxygen, which 
destroys their photochromic properties after only a few cycles. 
The loss of a Cl atom from tetrachloro-1 (4H)-naphthalenone 18 to give a radical followed 
by recombination to give the original compound as in Scheme 9, is also an example of 
this class. 
0 :Q: 
Cl hv Cl 
+ Cl 
Cl Cl 6T Cl 
Scheme 9 
The spiropyran system also undergo heterolytic cleavage, however this type of system is 
discussed under the heading pericyclic reactions. 
1.4.6 Pericyclic Reactions 
The mechanism of photochromism in phenyl-substituted fulgides involves valence 
tautomerism and has been shown by Heller19 to be a concerted photocyclisation by a 
conrotatory process to form a coloured dihydronaphthalene. Irradiation of the coloured 
form causes the reverse reaction, also by a conrotatory mode as shown in the reaction 
Scheme 10. Thermal bleaching, on the other hand, involves ring opening by a disrotatory 
mode. 
13 
Ph 
/ 
ｾＯ＠ Me 
I 
ｾ＠
I 
Ph 
/ 
/ Me 
I 
I ｾ＠
Et 
Ph 
0 0 
0 / ｾＯ＠ Me I 
I 
ｾ＠
coloured 
ｾｔ＠
0 
Me 
Scheme 10 
Heller has prepared and investigated a number of fulgides and has provided examples 
that are claimed to be fatigue-free by substituting the hydrogen atom that is involved in 
the thermal and photochemical shifts by a methyl group.20 The general scheme below, 
in which substituents in the benzene ring have been omitted, shows the two types of 
hydrogen shift which are avoided by substituting the hydrogen atom (Scheme 11 ). 
0 0 0 
hv 6T 
0 ...... :------
0 
Scheme 11 
Substituting the hydrogen atom eliminates fatigue reactions by having no hydrogen atom 
able to migrate and the thermal disrotatory mode of ring-opening is also inhibited by 
steric effects of the methyl groups, whereas the conrotatory photochromic reverse 
14 
reaction can proceed unhindered. 
Under this heading of pericyclic reactions comes the electrocyclic (4n+2) reaction (n=1) 
which includes the most thoroughly investigated class of photochromic compounds, the 
spiropyrans. 
A typical representative of this class 1 ',3',3'-trimethylspiro[2H-1-benzopyran-2',2'-
indoline], also known as BIPS (Scheme 12).21 
hv 
.6T or hv' 
colourless 
Scheme 12 
1l 
r9 
coloured 
UV irradiation of the colourless spiro compounds leads to cleavage of the carbon-oxygen 
bond. Heterolytic cleavage causes the formation of charged ions with absorption 
characteristics differing from those of the parent compound. Cis -trans isomerisation also 
takes place in the open forms. 
1.5 General Applications 
The importance of photochromic compounds is quite profound and diverse, for example, 
the pigments in the chloroplast and photoreceptor cells of the vision system. Applications 
of photochromism includes glasses which darken according to the intensity of the 
surrounding light (self darkening glasses), such glasses have now been available for 
some time both in the form of plate glass for windows and in the form of lenses for 
15 
sunglasses. Their action is often very slow, it can take many minutes for the 
photostationary state to be established.Other applications include high resolution imaging 
systems, storage of information in computers, advertising, security, novelties and fashion 
and military ｵｳ･ｳｾ＠ The low rate of recovery is one of the major problems of many 
photochromic processes or potential practical applications. The development of useful 
photochromic systems is however very promising for high resolution imaging systems 
and for the storage of information in computers. In theory, the photochemical process 
itself takes place at the molecular level. The potential resolution is therefore very much 
greater than that of the conventional photographic process, which depends on the size 
(and on the size distribution) of the grains of gelatin/silverhalide. However the low 
quantum yields of many photochromic systems implies a very low light sensitivity, so that 
these systems are most useful in conditions of high light intensity, for example when used 
with flash light or laser light. A potential application of photochromic materials is the 
protection of eyesight against light pulses of extremely high intensity, for example the 
flash emitted during a nuclear explosion. In such a case, the photochromic material must 
respond 'instantly' and must recover very quickly if it is to be of any use. It has been 
suggested that some aromatic species, dispersed in a clear polymer (e.g. in PMMA; also 
known as Perspex), could act as rapidly reversible photochromic molecules through their 
triplet-triplet absorption's in the visible region. The darkening would then be effectively 
instantaneous at high photon fluxes, since the population of the triplet state is of the order 
of nanoseconds or more. Recovery takes place by deactivation of the triplet state to the 
ground state, in times of milliseconds or at the most of a few seconds. This is a purely 
photophysical photochromic process, there being no change of the molecules involved. 
16 
1.6 History of photochromism 
It was Marckwald in 18891 who adopted the name phototropy to the phenomenon in 
which a solid changes colour when exposed to light but reverts to its original colour in the 
dark "Phototropy" - literally meaning turning toward light, however it was Meer that was 
the first person, according to scientific literature to observe photochromism. This term 
being made up of two parts; photo (light) and chrom (colour). Contributors are included 
in Table 1. 
Meer- Showed that the potassium salt of dinitromethane changed colour when exposed to 
187622 radiation. 
Phipson- Early contribution to this field, concerned strange case of painted gate post that 
1881 23 appeared white all night and black all day. 
Marckwarld - First recognised that photochromism was a new phenomenon and considered it to 
18891 be truly a reversible photoreaction. 
Wislicenus- Noticed the photochromic character benzalphenylhydrazone. 
189324 
Bliztz -1899""' Photochromism of benzalphenylhydrazone and certain osazones 
1900-1920s Most studies carried out in Italy and India. Concerned primarily with synthesis of 
materials and observations of such factors as kind of exciting radiation required, 
speed of excitation, decay time, fatigue and conductivity. 
1930s Limited interest in photochromism, few advances during this 
decade mechanisms of a few systems proposed. 
Harris et al Suggested that the photolysis of malachite green leucocyanide in ethanol solution 
193526 that contained a little water went through ionisation and then hydrolysis to form 
carbinol. 
Calvert & Confirmed the quantum yield. 
Rechen 
195227 
Gheorghiu- Interpreted photochromism of semicarbazones as an effect of mesomerism and 
193928 suggested that the change caused by a displacement of n electrons, which results 
in formation of one or more polar structures. He further proposed that substituents 
in the benzene ring capable of resonance should favour photochromism, whereas 
nonresonating substituents would tend to subdue it. 
1940-1 960 Revival of interest in photochromism. Many new inorganic and organic compounds 
were prepared. Different mechanisms proposed. More careful studies of fatigue 
characteristics, rates and mechanisms. Structures of reactants, products and 
intermediates determined by x-ray and spin resonance. 
1960-1980 Most important results harvested. 1971 Bertelson's Review, Brown's and Browns 
Book, led to deeper insight into structure, spectural properties, the kinetics, the 
fatigue behaviour, and the photophysical process of colouration. 
1980-1990's Revival of systems. New syntheses, have extended the field. 
Table 1 
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1. 7 Defining and presenting the spiropyrans and the related spirooxazine 
compounds 
The spiropyrans or spirochromenes and related compounds (spirooxazines) are 4n+2 
type systems. They can be represented as two heterocyclic parts linked together by a 
common tetrahedral sp3 carbon atom. The two parts are in two orthogonal planes A and 
B as shown in Figure 4; H represents a hetrerocyclic group such as the indoline system. 
A 
ｾｘ＠
!0-© 
I 
I 
Figure 4 . A sketch of a spiropyran (X=CH) or a spirooxazine (X=N) showing two orthogonal parts of the 
molecule in the planes A and B. The left part is illustrated by H (representing the heterocyclic part) 
(adapted from ref 3) 
The spirochromenes, in their closed forms (c.f) are colourless and present an absorption 
spectrum in the UV range 320-380nm. If cleavage of the carbon-oxygen bond takes 
place either by thermal or photochemical means, then this leads to the formation of 
coloured isomers called the open form (o.f). The open form is no longer in the two 
orthogonal planes, but is planar and is quite similar to merocyanine dyes. This open form 
is also called a photomerocyanine; i.e. a cyanine dye generated by photochemical 
induction. 
hv 9 K-ｾ｣］Ｈ＠ I R1 0' R hvl or K 
(c. f) (o.f) 
Scheme 13 
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Scheme 13 gives a simplified picture of the photochromic equilibrium but the real 
mechanism is more complex due to the presence of other isomers and resonance forms. 
Scheme 14 takes into account the electronic structures of the open form. The transoid 
photomerocyanine is presented in two mesomeric forms; dipolar zwitterionic with 
localised charges and a polar polyenic or quinonic forms. 
hv 
hv' or K 
(c.f) 
ｾ｣］Ｈｸ］ＩＺＩ＠
I R' 0 
R (Q) 
quinonic 
l 
C5)c--(x-)J 
I R' 0 
R (D) 
dipolar 
(o.f) 
Scheme 14. Electronic distribution on different mesomeric forms of transoid 
photomerocyanine. The real structure is a hybrid of the quinoid form(Q) and the dipolar fonn (0) 
and has partial charges 8+ on the spiran carbon and 8- on the phenolic oxygen. 
To get a clearer understanding of this complexity for unsymmetrical heterocyclic systems 
(H), it is necessary to take into account the electronic structures of the open form. 
(depending on the molecular structure and the medium) as well as their geometries 
(different stereoisomers of cisoid configuration, just after the breaking of the carbon-
oxygen bond and of the transoid configuration after isomerisation), see Scheme 15. 
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R 
R 
I Ｋｾ＠ R' Ｐｾ＠ ｯＭｾ＠
Scheme 15. Representation of all possible cisoid and transoid photomerocyanine 
stereoisomers. 
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1.8 Spiropyrans in solution 
The spiropyrans, according to their structure, exhibit photochromism in solvents in any 
polarity from water to hexane. Most studies have been carried out in toluene, ethanol 
and acetonitrile. The simplest spiropyrans have limited solubility in alcohols and aliphatic 
hydrocarbons but good solubility in aromatic solvents and intermediate solubility in 
ethers. 
Various groups have been incorporated into the molecule to alter the solubility as 
desired. 29 Groups such as sulphonates, carboxylates and long chain alkyl chains have 
been investigated .30 The solutions of the spiropyrans are colourless or may become 
slightly coloured by sunlight; upon irradiation with UV light they develop colour or may 
become highly coloured. The coloured solution fades back to their original state. The 
photocolouration- thermodecolouration or photocolouration- photodecolouration cycles 
can be between 5-10,000 times depending on the type of system. 
A few spiropyrans, including those bearing amino groups on either ring and some 
spirooxazines, exhibit so called "negative photochromism".31 i.e. they give coloured 
solutions that are reversibly bleached with UV light. This effect is sometimes strongly 
dependent on temperature. 
1.9 The thermochromic aspect 
In the search for a thermally stable photochromic compound, an understanding of 
thermochromism is required. The term thermochromic refers to the dependence of a 
reversible colour change on temperature. 
An important question is "How great does the colour change have to be to warrant use of 
the word thermochromism?ll A definition in terms of spectral curve properties i.e. the 
disappearance and/or disappearance of the open form is widely used. 
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Many spiropyrans on heating to sufficiently high temperatures can be induced to 
establish a thermal equilibrium with the open form. The degree of ring opening depends 
largely on the nature of the ring substituents that can either favour or disfavour the ring 
opening process. Several studies have also shown that the coloured forms can sit in 
various isomeric forms; Solvents can also influence the photoreaction of the merocyanine 
system into its various resonance structures (a form of solvatochromism!). 
1.1.0 Conclusions 
Ideal photochromic systems would be such that can form a coloured photoisomer by 
irradiation at one wavelength, this reverse process being effected by irradiation with 
visible light. Spiropyrans can produce photochromic systems although, with many of 
these, thermally induced equilibration's can interfere. 
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Chapter 2 
The metal-ion chemistry of the crown ether 
2.1 Historical background 
Early work on crown ethers arose from the studies of Luttringhaus and his interest in 
preparing large ring molecules which might link.32 His intentions were to prepare 
structures that would interlock and have perhaps unusual properties. Unfortunately his 
compounds lacked sufficient donor atoms to exhibit cation binding properties. Pederson in 
1967,33 first recognised that crown ethers (particularly dibenzo 18-crown-6, Figure 5) 
possessed the ability to chelate species, such as the alkali and alkaline earth, metal ions, 
which has since generated the whole area of host-guest chemistry and supramolecular 
chemistry. The award of 1987 Nobel Prize in chemistry to Pederson, Cram, and Lehn, 
marks an important turning point in the history of macrocyclic synthesis.34 
2.2 Host-Guest chemistry 
dibenzo-18-crown- 6 
Figure 5 
The general area covering the binding of all types of substrates (the guest often being a 
metal ion) in molecular cavities (the host often being the crown ether) is often referred to 
as "Host-Guest chemistry". 
Nature itself has produced various specialist agents including chlorophyll35 (Figure 6) and 
haemoglobin36 (Figure 7), that bind ions of biological interest and act as molecular 
transporters. 
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Figure 6; Chlorophyll Figure 7; Haemoglobin 
The photosynthetic system involving chlorophyll has a complex network of molecules 
designed to capture light and store the energy as sugars. This network uses chlorophyll as 
the pigment used to convert the light energy into an electrical signal. This signal then 
passes through a series of molecules, a kind of molecular wire, to another part of the cell 
where it provides the energy needed to make sugars. The sugars serve as an energy 
reserve (molecular batteries) for the plant. Haemoglobin is the iron containing protein in 
blood. It can act as a molecular taxi, picking up oxygen in the lungs and dropping it off in 
cells that require it such as the muscles. 
An important target for the organic chemist is to try to create synthetic analogues that can 
mimic these fascinating natural processes. In this thesis we have started a study of the 
design and synthesis of systems that can reversibly bind to metal ions. This requires a 
ligand where binding properties can be attenuated by a photoreversible reaction. 
These ligands must possess binding sites, which combine with metal ions non-covalently, 
usually through weak electrostatic interactions, to form relatively stable complexes. In 
order to complex and have a "good fit" the host must possess binding sites which interact 
cooperatively about the binding sites of guest cations without generating strong 
nonbonded repulsions. 
24 
ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ ＭＭＭＭＭＭＭＭＭＭＭＭ ＭＭＭＭＭＭ ＭＭＭＭＭＭＭＭＭ
2.3 Concept of molecular recognition 
Molecular recognition has evolved from Emil Fischer's original Lock and Key image 
(Scheme 16) and is defined by the energy and information involved in the binding and 
selection of the substrate by a given receptor molecule.37 It can be described as binding 
with a purpose like receptors are ligands with a purpose. 
+ 
substrate receptor 
Scheme 16; Lock and Key image 
The complexation reaction of the metal ion (M+) with the ligand (L) in the solvent (solv) to 
give complex (M+L) is given by the equation 7. 
M+ + 
solv L solv M+ L I + Solv sov equation 7 
Where k1 and k-1 are complexation and release rate constants respectively . The process 
should be rapid, often involving a series of intermediate steps, these include substitution of 
the solvent molecules from the cation and a conformational change of the ligand . In the 
stepwise mechanism the solvent molecules are displaced one after another, the solvation 
energy being compensated for by ligand binding energy. The approximate rate constant of 
complexation for crown ethers are usually in the region of k1 = 109 Lmol -1 s -1 and for 
decomplexation, the rate k _1 is usually lower, in the region of 10 2 -104 s -1 . 
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2.4 Stability and Selectivity 
Stability in host-guest complexes can be achieved by maximising contact area, thus 
minimising the number of solvent molecules to be displaced by the substrate on binding. 
The balance between rigidity and flexibility is of particular importance for the binding of 
cations. The host has to be of the correct size to accommodate a specific cation. It is 
also has to be flexible enough to be able to move around the cation to form the complex. 
However too much flexibility will produce weaker binding as there will be a loss of entropy 
in going from a less ordered to a more ordered state. Similarly, if a host is too rigid it may 
not be able to adapt to the required conformation to match the available ligand site round 
the cation. 
The stability of the complex is indicated by the stability or equilibrium constant see 
equation 8. 
equation 8 
Which is the ratio of complexation and decomplexation constants. The higher the Ks 
value, the better the ligand is at encapsulating the cation. 
Ks values have been determined by various methods including ion selective electrodes, 38 
conductimetry39 , calorimetry40 and nmr. 41 
2.5 Molecular receptors- design principles 
What Makes a Good Receptor? 
Receptors such as the 18 membered ring crown ether (Figure 5) have already been 
considered. Such receptors are size-selective, with larger rings selectively binding to 
larger cations. Cations are favoured because the oxygen and nitrogen atoms can donate 
lone pairs of electrons to the positively charged metal to form co-ordinate bonds. 
In the chelating powers of macrocycles, the following factors are considered to affect the 
stability of crown ethers. 
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2.5.1. The hole-size concept- A stable complex is formed when the size of the cation and 
ligand cavity match. 
The Table 2 lists various cations and their respective radii and their binding constants42 for 
the macrocyclic ligand of interest 12-crown-4, which itself has a radius of 0.072 A. 
cation u+ Na+ K+ Mgz+ caz+ Baz+ 
radius (A) 0.078 0.098 0.133 0.078 0.106 0.143 
[logKs] - 1.7, 1.74 a 1.3 a NR NR NR 
(in MeOH) 
a In anhydrous methanol at 25°C, NR; not recorded 
Table 2; Typical homogeneous cation binding constants for 12-crown-4. a 
It was considered that cations larger or smaller than the ligand cavity would require the 
ligand to undergo more conformational changes causing energetically unfavorable 
processes which would consequently decrease the stability of the complex, than if a guest 
of the right size was introduced. 
2.5.2. Macrocycle donor atom type; In neutral crown ethers, progressive substitution of 
oxygen donors by nitrogen or other softer donor sites modifies the binding selectivity of the 
ligand.43 The binding sites are contained in the form of heteroatoms such as oxygen, 
nitrogen, and sulphur. 
The Table 3 lists various types of donors which influence the complexation behavior of the 
macrocycles and the metal cations and the hard and soft categories they come under. 
HARD SOFT 
cations Alkali Heavy metal 
Alkaline earth Transition metal 
Lanthanide 
ligand donor atom 0 N,S 
Table 3; Hard and soft classification of cations and ligand donor atoms 
Stability is achieved by the application of the general rule that, like attracts like 
i.e. the hard donors are compatible with hard metal ions. 
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The replacement of an 0 with anN-atom in 12-crown-4 (1-aza-12-crown-4) reduces the Ks 
value for the alkali metals as expected due to the 'softer' nitrogen having less affinity for 
the hard cation. 
2.5.3 Solvent Parameters 
Stability is associated with cations of lower solvation energy. The stability of complexes 
depend on the medium used since solvent-ligand and solvent-cation attractions compete 
with the ligand and ion interactions. This is especially important where cations are strongly 
solvated in one solvent and not in another. Due to the stronger solvation of cations in 
water, most ligands form weaker complexes in water and exhibit poorer selectivities than in 
organic solvents such as methanol. 
2.6 Complexation and transportation 
2.6.1 Introduction 
The organic chemistry of membrane transport processes and carrier molecules has been 
developed only rather recently. The design and synthesis of receptor molecules that can 
selectively bind organic and inorganic substrates, has made available a range of 
compounds that, if made membrane soluble, may become carrier molecules and induce 
selective transport of the substrates across the membrane. 
2.62 Naturally occurring examples 
Carrier design was first studied for the transportation of inorganic cations. The selective 
transport of alkali cations (Na+ and K+) across membranes by natural acylic and macrocylic 
ligands, such as nonactin (Figure 8) and valinomycin (Figure 9) has been extensively 
studied.44 
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Natural product ionophores ( Centres of chirality are marked with *) 
Figure 8 ( Nonactin) Figure 9 (Valinomycin) 
The discovery of the cation binding properties of crown ethers led to active investigations 
of the ionophoretic properties of these synthetic compounds. The first step resides in the 
ability of these substances to 'lipophilize' cations by complexation and to extract them into 
an organic or membrane phase. 
2.6.3 The extraction technique 
This approach uses the fact that most crown ethers are insoluble or nearly insoluble in 
water (especially salt containing water) and that most metal salts are insoluble in organic 
solvents. 
This is one of the earliest ways of assessing cation binding strengths and is known as the 
extraction technique45 and supports the principle of transport across a membrane. Thus 
dibenzo-18-crown-6 dissolves readily in chloroform or dichloromethane but is insoluble in 
water. When dibenzo-18-crown-6 is added to the mixture. it partitions mostly into the 
chloroform or dichloroethane layer. A salt such as sodium picrate dissolves in the water 
and not the chloroform or dichloromethane (Figure 1 0). 
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ON a 
Aqueous 
Chloroform 
Figure 10 Demonstrates the partitioning of crown (acts as the carrier) and sodium picrate 
between water and chloroform solution 
Picric acid is yellow because of the three nitro groups present on the aromatic ring and it 
can readily be detected by eye or quantitatively by ultraviolet spectrometry. A mixture of 
chloroform, water and sodium picrate in a vessel exhibits two phases in which the top 
aqueous phase is yellow. Even if shaken, the organic phase remains colourless. When the 
crown ether is added, it dissolves into the chloroform phase, but the ligand's complexation 
behaviour causes it to bind the sodium cation. Since the cation can not be extracted into 
the chloroform in the absence of a counter-anion, picrate also partitions into the organic 
phase which becomes yellow. If all of the sodium picrate is extracted into the 
crown/chloroform phase, the aqueous phase will become colourless. To achieve complete 
transportation the crown compound should not form too strong a complex with the 
transported ion.46 
The extent to which extraction occurs (extraction constant) can be quantitated by 
colorimetric methods. The extraction constants are quoted as percentages and by 
definition. 
Selectivity = extraction constant 1 I extraction constant 2 
where extraction constants for 1 and 2 are for two different metal ions 
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2.6.4 The ideal concept of cation - binding switching via photochemical control 
The switching process was first suggested by Shinkai.47a The basic idea behind a 
switching process involves the presence of at least two distinct molecular states with 
widely different cation properties. These molecular states must be easily and rapidly 
interchangeable using light as a controlled stimulus. The concept is represented in 
Scheme 17. 
KL 
L + M+ .. LM+ 
• 
l l l l 
KH 
H + M+ ... HM+ 
c 
Scheme 17; Equilibrium involved in cation-binding processes 
Scheme 17 shows that the switching control can be affected either in the complexed (LM+ 
& HM+) or uncomplexed (Hand L) states of the ligand. 
1. Control between Land H via irradiation using UV light allows the selection of H, which in 
turn is able to bind to the cation more strongly than L. 
2. The resulting stable complex, HM+, is then able to diffuse across an organic membrane 
and thus maintain a high concentration of cation in this phase, relative to water. 
3. The irradiation is reversed, by shining with visible light, inorder to effect rapid cation 
release from the complex, so that the low binding form of the complex predominates (LM+). 
In most cases 1 : 1 complexes are formed and KH I KL represents the extent of metal 
binding increase upon switching to the more stable complex. 
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2.6.5 An example of photochemical control of cation binding and transport through 
membranes 
Shinkai et af7b have coupled crown ethers with the azobenzene to mimic the fundamental 
functions of photoresponsive systems. Interestingly coupled ion transport processes, can 
be turned on and off with light. These crown compounds which are able to do this contain 
a molecular switch, which can be activated photochemically and thus induce a change in 
the ligands conformation (the azo group), Scheme 18. By triggering the switch, for 
example at the interface, ion transport can be increased, changed to another ion or 
interrupted. Chemical switches at the molecular level are deemed to be of the highest 
importance for technology in years to come. 
VIS 
Cis-form Trans-form 
Scheme 18 
Here an attempt is made to control ion extraction and ion transport across a liquid 
membrane by light. The bis crown ether in Scheme 18 exhibits a butterfly- like motion in 
response to photoirradiation, expecting that the cis-form would exhibit greater binding 
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abilities for large alkali metal cations than the trans form. Figure 11 demonstrates the 
limitation of the system. The absorption spectra of the cis and trans forms are not clearly 
distinguishable; they overlap. 
Absorption spectra of Scheme 18. (1) transform in 0-dichlorobenzene, (2)cisltrans mixture at the 
photostationary state in 0-dich/orobenzene, (3) cis form in 0.01 M NaOH aqueous solution (Taken from 
REF47b). 
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Chapter 3 
Photochromic systems and complexation 
Introduction 
The literature up to 1970 is very well covered Brown. 48 DOrr and Bouas-Laurent 
have covered literature up to 1990.49 The scope and purpose of this review is to 
survey the literature from 1991 to 1997, with an emphasis on discussing the 
landmarks in the area. 
One major aim is to find photochromic systems that can photoreversibly chelate 
metal cations and in a manner that would substantially alter their physical properties 
such as transport. Such a system would ideally be able to undergo many reversible 
cycles without fading - the amount of side reactions that impair this reaction. 
The ability to artificially generate reproducible, repetitive complexing - decomplexing 
of metal ions without exhausting the photolable chelator has numerous applications 
and also be of value in biological areas, for example extrapolating gradients of 
intracellular metal ions, such as calcium. 
Devising photoreversible chelating agents has mainly involved the adaptation of 
photochromic materials such as azo dyes,48"50 spirooxazines,48 .49•51 spiropyrans 48• 49· 52 
and fulgides48• 49• 53 by incorporating a variety of polyethers and macrocyclic crown 
ethers in attempts to photocontrol ion-binding and transport of alkali and alkaline 
earth metals. 
Crowned spirobenzopyrans 
Inouye and coworkers at the University of Osaka, designed and synthesised 
systems 3.1- 3.3 in Figure 12 with the intention of the spiropyrans representing 
rationally designed multifunctional artificial receptors for alkali-metal cations. 54 They 
made a spirobenzopyran possessing a monoazo crown ring as a recognition of 
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which the isomerisation to the coloured merocyanines was introduced by recognition 
of alkali-metal cations. This type of system is conceptually different from the other 
crown ether dyes previously synthesised, because, in the latter cases, the 
absorption bands of chromophores are merely shifted by the complexation of 
cations. The selectivity of systems 3.1- 3.3 were found to be governed by several 
factors including 
(1) the size of the crown ring 
(2) the position of recognition 
(3) electronic properties of both the complexed cations and the merocyanine dipoles 
(4) the length of alkyl chains connecting the spirobenzopyran units and crown units. 
The development of the new class of host molecules whose optical properties are 
markedly agitated by the presence of cations are of current interest and attracting 
much attention from the viewpoint of biomimetic chemistry. These recognition and 
signalling molecules are suitable models for the development of molecular sensors 
for biologically important alkali-metal ions. 
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Figure 12: Spirobenzopyran systems designed by Inouye & co-workers 
For systems 3.1 and 3.2, the isomerisation to the open form was induced by 
recognition of the cation (Li+, for when n=1 and Na+, for when n=2) . 1H Nmr 
investigation of the open merocyanine form suggested a trans structure. System 3.3 
was designed to stabilise a metal complex in the closed form, than the open 
merocyanine form. 
Co-ordination of phenolate oxygen to metal ions also contributes to another sensing 
principle which has recently been reported. Kimura and Inouye have been the 
pioneers with examples 3.4 and 3.5 (Figure 13).55 These colourless compounds are 
well known to undergo ring opening to the coloured merocyanine form when 
energised with UV light. In these systems addition of Li+ ions causes the same 
isomerisation in the dark by anchoring L( ions in the macrocycle and also involves 
the spiropyran oxygen. This "Phenolate" complexation reduces the energy required 
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for ring opening by stabilising the coloured state, e.g. 3.6, through the extra co-
ordination with the phenolate group. This effect is discussed in more detail in 
chapter 4. 
(3.5) 
Figure 13: Spirobenzopyran systems designed by Kimura, Inouye & co-workers 
Other complexing Spirobenzopyrans 
The objective of the work of Atabekyan and co-workers at the Russian Academy of 
Sciences, in Moscow, was to determine the effect of ion complexation on the 
luminescent properties of simpler photochromic spiropyrans in solutions. 56 The 
spiropyrans studied were considered in two groups. The first group included spiro 
compounds capable of forming complexes (3.7) with metal ions, including transition 
and rare earth metals (for example Zn2+), both under the action of UV light (3.8) and 
without irradiation and the second group those not capable of complexing with metal 
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ions either with or without irradiation by UV light. (where the OCH 3 group is replaced 
with a N02 group). 
On complexation of spiropyrans with metal ions (3.9), the absorption peak of the 
open isomer usually appears at a shorter wavelength than for the uncomplexed 
open isomer (3.8) by 80-120nm. Complexation takes place in the case of 
spiropyrans with N02 and OCH3 as substituents. The suggested complexation 
mechanism and the structure of the proposed complex are shown in Figure 14 
(3.9). 57 
hv 
hv', kT 
ｎｾ＠
3.8 
Figure 14; Simpler spirobenzopyran systems designed by Atabekyan & co-workers. 
Atabekyan also reported 58 that the nitro group is proposed to enhance the quantum 
yield of intersystem crossing in the closed form, thereby changing the singlet 
pathway of photocolouration for the compound (3.7) into a triplet pathway (A short-
lived transient (lifetime :::;; 1 Of.ls) was identified as a triplet state of the trans-isomer) of 
compound 3.8). 
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Sterically hindered spirobenzopyrans 
The search for a more sterically hindered system continues and in 199759 whilst our 
work was in progress, Buss and Eggers reported on a system that appears to be 
sterically hindered (3.1 0) Figure 15. However, the fatigue resistance or the thermal 
stability of this compound were not reported. The authors introduce the compound 
as the first spiropyran with permanent optical activity due to the chiral centre(*). 
ｎｾ＠
3.10 
Figure 15 
Yokoyama reported on an alkyl-chain bridged spiropyran type system60 that displays 
negative photochromism (Scheme 19) and exists as an equilibrium mixture of 3.11 
and 3.12 in polar solvents. The compound is obtained as the purple merocyanine 
isomer. It is highly coloured in polar solvents including DMSO, acetonitrile, methanol 
etc, unlike many other spiropyrans, which are colourless in these solvents. The alkyl 
ring in Scheme 19 is thought to add destabilisation caused by steric strain in the 
closed form 3.11. Irradiation of the merocyanine causes ring closure, but the closed 
form 3.11 rapidly reverts to the open isomer in a thermal process, therefore, in these 
solvents; the L).G of colouration from 3.11 to 3.12 must be negative. 
3.11 
hv 
hv', kT 
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Scheme 19 
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3.12 
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Crowned spirooxazines 
Spironaphthoxazine derivatives are generally known to sh9w excellent light-fatigue 
resistance and are expected to be more reliable and durable photochromic control 
systems than their corresponding spirobenzopyran derivatives (3.1-3.3). This 
prompted Kimura eta/ to incorporate a crown ether moiety into a spironaphthoxazine 
skeleton and explore the cation complexation, photochromism, and reversible ion-
conducting control of the crowned spironaphthoxazine (Scheme 20). 61 
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') 
ｾ＠ (3.14) 
(3.14) 
Scheme 20 
High lithium selective colouration (spectra a & b) and high thermal stability of the 
open Li+ complexed form was observed (Table 4). 
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Absorption- spectral changes of crowned 
spironaphthoxazine acetonitrile solutions 
on addition of alkali metal salts under dark. 
conditions [3.13] and [MCI04 }; 4 x 1 o-4 mol 
dm-3. (a): u+, (b):Na+, (c):K+. 
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Photoinduced spectral changes of crowned 
spironaphthoxazine acetonitrile solution in the 
presence of LiCI04. 4x10- 4 mol dm-3. 
(a) under dark conditions dm-3. (b) On UV-Iigl7t 
irradiation. (c) On visible- light irradiation (1 min). 
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However in this case the thermal decolouration of the crowned spironaphthoxazine, 
followed in acetonitrile, in the presence and absence of alkali metal perchlorate, 
proved to be very fast, although the presence of metal ions does slow down the 
decoloufation process (Table 4). 
k, 1 o-2 s-1 k, 1 o-2 s-1 k, 1 o-2 s-1 k, 1 o-2 s-1 
no metal ion Li+ Na+ K+ 
3.0 0.053 0.60 21 
Table 4; First order rate constants of Thermal Decolouration of Crowned spironaphthoxazine open 
coloured form. 4 X 10 -4 mol dm-3 in CH3CN, at B'C 
Inouye and co-workers also designed and synthesised system 3.15 (Figure 16), in 
which the spirooxazine unit is further separated from the crown unit by the alkyl 
chain. However in this system the addition of u+ ions made no discernible difference 
to its photochromic behaviour. This fact supports the view that spirooxazines are 
thought to be stable in their neutral keto forms, so stabilization by an alkali-metal 
cation might not be essential. 
(3.15 
Figure 16 
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Crowned Malachite Green 
Many triphenylmethane dyes such as Malachite Green62 exhibit photochromism 
accompanying heterocyclic bond cleavage, therefore undergoing photoionization. 
The crowned Malachite Green leuconitrile63 can afford photochemical cation-
complexing control of its crown moiety; photoionization of the crowned Malachite 
Green to its triphenyl or quinoid cation suppresses cation complexation of the crown 
moiety mainly due to the intramolecular electrostatic repulsion. The subsequent 
heating of the solution under dark c·ondition, which causes a thermal back reaction 
from the ionic to electrically neutral molecules, promotes cation binding by the crown 
ether moiety owing to the disappearance of the inter-cationic interaction (Scheme 
21). 
+ 
CN' 
3.16 3.17 
Scheme 21 
Absorption spectra a and b, show how the presence and absence of sodium 
perchlorate to the crowned Malachite Green is affected. 
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Spectra; (a) absence of sodium perchlorate. The crowned Malachite Green at 1 X 1 o-s mol dm-3 and 
(b) presence of sodium perchlorate at 1 X 1 o-2 mol dm·3 at 1 X 1 o-5 mol Dotted line: on UV-Iight 
irradiation, Solid line: on heating at 50'C after the photoirradiation. 
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Crowned Fulgide 
A benzo-15-crown-5 modified fulgide:64 (3.18) when irradiated undergoes an 
electrocyclic reaction to give the dihydronaphthalene (3.19) derivative (Scheme 22). 
hv 
(3.18} 
(3.19) 
Scheme 22 
The absorption spectra of 3.18 and its coloured form 3.19 are hypsochromically 
shifted by alkali and alkaline-earth metal ions complexation (spectra a). 
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Absorption spectra of 3.18 and 3.19 with ｡､ｾｩｴｩｯｮ＠ of anhydrous sodium perchlorate: ratio of 
3.18/salt = 1 :4; concentration of 3.18: (1 x 10 4 moll/; solvent :CH2CI2 I CH3CN (10:t vlv) 
Spectra a 
For the coloured fulgide 3.20 (Figure 17), this hypsochromic effect is very weak . 
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(3.20) 
Figure 17 
It was noted that the addition of cations to the open form 3.18 slows down the rate 
of cyclisation to the closed form 3.19, the half life for the thermal fading reaction 
back to 3.18, is increased. However as there are hydrogen atoms in the phenyl 
group of both 3.18 and 3.19, the coloured form of these two fulgides also decolour 
by an irreversible side reaction, through rearrangement by a 1 ,5-hydrogen shift. 
Fulgides based on the diarylethene unit 
Recently, much attention has been made to synthesise photochromic compounds for 
optical-data storage media from both theoretical and experimental points of view. 
The compounds undergo electrocyclic reactions to produce closed-ring forms, which 
absorb light at longer wavelengths. However cis-trans isomerisation can also occur 
and is unfavourable for practicable applications since it competes with the cyclisation 
which is responsible for the change in colour. To prohibit cis-trans isomerisation 
completely and so gain access to fatigue resistance photochromic compounds, 1 ,2-
diarylperfluorocycloalkenes (3.21) containing heterocyclic rings have been 
synthesised.65 The photochromic reaction of diarylethenes belongs to the 
Woodward-Hoffman type of electrocyclic reaction. 
lrie describes the approach taken in the search for a system that fulfils the 
requirements for reversible recording media. 
The requirements include; 
(1) Archival storage capability (thermal stability) 
(2) Low fatigue (can be cycled many times without the loss of performance) 
(3) High sensitivity at diode laser wavelengths and rapid response 
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(4) Non-destructive readout capability 
A switching device based on both photochromic and hydrogen bonding properties, 
which are mutually regulated and are completely integrated within a single structure, 
has been described. The device may be reversibly converted between three states, 
which are all stable and exhibit very distinct absorption spectra. Moreover, it 
constitutes a two-level switch, which is controlled in an 'on-off' fashion by light. lrie 
et a/, have designed and synthesised chemical gated molecules by introducing 
substituents that have hydrogen-bonding ability into the 1,2-diarylethenes (Scheme 
23). 65 
OH ｾ＠
(3.21) 
F F 
1 
antiparallel 
hv' l hv 
F F 
(3.22) 
OH 
F, X -F F\_/F 
OH··O I ｾ＠
0·······1··········0H 
parallel 
(3.23) 
Scheme 23; lrie eta/, design of chemical gated molecules that display hydrogen-bonding ability. 
This type of system (3.21) has yet to be applied to cation complexation. 
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Fulgides represented as saccharide receptors 
Switching of host-guest events by photoirradiation has been investigated. Recently, 
boronic acids have been extensively used for recognition of saccharides. No 
previous reports have been made on a photoswitchable saccharide receptor. 
Among the various types of photochromic compounds, diarylethenes with 
heteroaromatic rings have favourable properties for the photoswitch unit, especially 
their fatigue resistance and thermally irreversible properties. A photochromic 
saccharide receptor with a diarylethene photoswitch changes the binding event with 
glucose by photoirradiation. This work allowed the design of the first example of 
photochromic saccharide tweezers.66 
F F 
hv' 1' hv 
(UV) ｾ＠ &IS) 
F F 
closed-ring form 
(3.25) 
saccharides 
0 
ｾ＠
0 
parallel 
saccharide tweezers 
(3.26) 
Scheme 24; The concept of this photochromic saccharide receptor. 
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Conclusion 
The search has been to design and synthesise new types of photochromic 
compounds, whether it is for use as photoreversible chelating agents, or for optical 
memory media. The search for compounds having thermal irreversibility, and fatigue 
resistance properties is intense. Other compounds that have been designed and 
made include having a thermal reaction threshold, which are potentially useful for 
non-destructive read-out operation. 
Photochromics spiropyrans for use as photoresponsive chelating agents, have been 
increasingly studied, however photochromic fulgides based on the diarylethene unit 
have yet to demonstrate their metal chelating ability. 
Many possibilities for photochromic compounds based on molecular control of cation 
complexation mimicking ion channels are only just beginning to be recognised. 
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Chapter 4 Results and Discussion 
4.1 Strategy adopted 
The main aim was to design and synthesise new reversible metal chelating agents 
such that the target ions can be sequestered and released by a trigger in a 
photoreversible manner. The switch behaviour is a reversible photochromic system. 
In this light acts as a switch to isomerise two forms of a chelating agent, one with a 
higher affinity for the metal ion. In order, to get an understanding of the problems likely 
to be encountered with photoreversible metal chelating agents, it was decided to select 
a known photochromic system. These were mainly based on the known photochromic 
indolospirobenzopyran system (Figure 18). 
Colourless (closed isomer) Coloured (open isomer) 
Figure 18 
Since the system is relatively well known, synthetic routes to these are fairly well 
established and versatile. We were aware of the potential drawbacks of this , such as 
their water insolubility, tendency to fade etc. 
A number of derivatives were made in which the electronic substituents were varied 
and the effect of the changes in the photoequilibrium studied. We realised that the 
process of binding a metal ion. in the vicinity of the chromophore would itself effect the 
photochemical behaviour and that we would have to vary the substituents in order to 
compensate for this cation effect. 
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The photochromic chemical behaviour of the indolobenzopyran system is also 
complicated by the formation of various stereoisomers and solvent effects, here we 
have concentrated on their gross behaviour. 
The final aim was to prove that real metal chelation was involved and not just some 
general salt effect. This target was provided by the demonstration that the systems can 
be used to transport metal ions through a membrane under photochemical control. 
The work is divided into the following parts: 
(1) The preparation of reference compounds (4.1- 4.12) not containing metal 
chelating groups, (with the exception of 4.6 and 4.7) in order to confirm that electron 
withdrawing and donating substituents would control the ring opening and closing 
reactions (Figure 19). 
(2) The search and need for sterically restricted photochromic (Thermally stable) 
systems with larger thermal energy barriers between the various photoisomers (4.13-
4.35) (Figures 20 and 21 ). 
(3) The introduction of potential chelating groups into the substituted compounds (4.36-
4.38) (Figure 22). 
(4) Study of the observed influence of metal cations on the photochromic 
behaviour of these systems. 
(5) Demonstration that they can be used to transport ions through a membrane under 
photochemical control, using the compounds 4.7, 4.16, 4.22 and 4.36- 4.38. 
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(4.10) (4.11) 
(4.12) 
Figure 19 
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Figure 20 
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(4.32) 
(4.31) 
(4.33) (4.34) (4.35) 
Figure 21 
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(4.36) (4.37) (4.38) 
Figure 22 
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4.2 Substituent effects on the position of equilibrium in indole spiropyrans 
Background 
A photochromic substance (1) is one that changes colour to form (2) under the 
influence of light, this change being reversible in the dark. The photochromic 
substance should therefore adapt transmission to the intensity of incident light; the 
stronger the light, the more the photochromic system absorbs it. Reversible 
photochromic substances are changed back by exposure to a light of different 
wavelength from that causing the initial colour change (Scheme 25). 
R2 
(1 ) colourless 
UV light R 
1 
Visible light 
Scheme 25 
This cycle can be repeated many times. 
R2 
(2) coloured 
There is an intense and continuing interest in photoreversible metal chelating agents. 
There has been a direct attempt to analyse why some of the described compounds 
show only limited photoreversible properties. Although the need to tune the systems to 
compensate for the shift on the photodynamic equilibria caused by the inherent 
stabilisation of the chelated form by the process of co-ordination appears obvious, no 
rigorous attempts to do this have been described. 
This problem is highlighted and an approach is taken to show how effective 
photoreversible metal chelating systems can be made by suitable electronic tuning of 
the substrate. 
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Compounds 4.1-4.12 were synthesised to act as reference compounds and to allow 
direct comparisons (Figure 19). 
Table 5 shows the UV results obtained for the model spiropyrans 4.3, 4.8 and 4.11. The 
spiropyran compounds were freshly prepared in dry acetonitrile at 2 X1 o-5M solutions. 
R1=H, R2= N02 R1= N02, R2=N02 R1=CF3, R2=. N02 
(4.3) (4.8) (4.11) 
300nm 550nm 320nm 500nm 350nm 550nm 
<0.2 0.05 0.1 <0.01 0.4 <0.01 
Dark8 
<0.2 0.1 0.1 <0.01 0.4 0.3 
uvb 
<0.2 0.05 0.1 <0.01 0.4 <0.01 
Vise 
a) approx values obtained from uv spectra in absorbance units for 2 x 1 o-5 M solution in acetonitrile at room 
temperature. 
b) approx absorbance unit values after irradiating for 1 minute - See experimental for details 
c) approx values after exposure of UV solution to visible light for 3 minutes - See experimental for details. 
Table 5: The results obtained for the model substituted spiropyrans (4.3, 4.8 and 4.11 ). 
The typical absorption spectra obtained from these results can be seen in Figure 23. 
where a = the spectrum obtained equilibrating in the dark, b = irradiating with 
UV light for 1 minute and c = visible light for 3 minutes. 
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Figure 23 
These measurements were carried out to act as guides for the future crown subsituted 
spiropyran and new compounds. The model spirobenzopyran systems (4.3), (4.8) and 
(4.11) demonstrated that they undergo a weak ring- opening process leading to the 
coloured zwitterionic form (2), and then ring closure (1) (Scheme 25). 
55 
4.3 Substituent effects on the cation binding crowned indole spiropyrans 
Introduction of metal chelating groups 
Crown spirobenzopyrans have also been attractive to us. One of our interests is in 
photochemical control of cation binding. Therefore, the photochromic system 
incorporating the monoazacrown moiety 12-crown-4, at the 8-position capable of aiding 
the binding of a metal cation is considered. Kimura reported that the crowned 
spirobenzopyran (4.36) complexed with lithium perchlorate in aprotic solvents, such as 
acetonitrile, in the absence of light to produce the open, merocyanine complex 
whereas for the homologue (4.3), in which the crown group satisfies the chelating 
requirements of lithium ions, the presence or absence of Lt ions hardly affects its 
photochromic behaviour.67 
Dark reactions 
Although such thermal-photochemical cycles are of potential interest in certain 
applications, means for eliminating the dark (thermal) processes and for tuning the 
position of the overall equilibrium would open up truly photoreversible processes. In 
order to prepare such systems attention has to be paid to getting the right balance 
between the isomeric forms, for example to avoid tipping the equilibrium too far to one 
side by the chelating interactions or solvent effects, from the closed unchelated form 
to the open chelated form as well as to decrease the rate of the other thermal 
reactions. The former problem can be tackled by the addition of appropriately placed 
substituents which change the electronic demands on the parent system. A key 
feature of these studies has been to demonstrate that we can offset this effect by the 
use of appropriate electronic substitutents (Scheme 26). 
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Thus electronic withdrawing groups on the indoline group inhibit opening of the system 
when irradiating at 350nm and the equilibrium is heavily weighted to the closed form. 
The cations counteract this electronic effect and thus, under irradiation, these are likely 
to favour the open form. As expected the coloured forms appear to possess higher 
binding affinity for cations than the closed, colourless forms. 
Metal chelation studies on the crowned indole benzopyrans 4.36, 4.37 and 4.38 
The three cases studied 4.36, 4.37 and 4.38 have all supported related literature 
work67 and demonstrated highly photoreversible states being reached in the 
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presence of the metal ions (see Tables 6,7, and 8) in comparison to the model 
spirobenzopyrans prepared previously (see Table 5). 
(4.36) (4.37) (4.38) 
All three derivatives that were examined for effects in the presence of the separate 
cations u+ I Na +' ca2+ I Ba2+ and Mg2+. Selective chelation between these cations 
was observed. 
The metal ion complexation by the crowned spirobenzopyrans, followed by isomerisation 
to the corresponding merocyanine form, and their photoisomerization, have been studied 
by UV. Binding of the metal ions (Lt, Na+, Ca2+, Ba2+ and Mg2+) by the crown moieties 
leads to partial isomerization of the crowned spirobenzopyrans even under dark 
conditions, (as can be observed from the UV spectra) UV-Iight irradiation in acetonitrile 
further promotes the isomerization to the merocyanine form, the thermal stability of which 
also depends significantly on the ion selectivities of the crown moiety. Under visible-light 
irradiation, the cation-bound merocyanine species readily reverts to the spiropyran form, 
hopefully with release of the metal ions (see latter discussion). 
Alternating the UV and visible irradiation or turning-on and -off visible light, therefore, 
causes the isomerization of the crowned spirobenzopyrans in the presence of metal 
ions, in turn affording control of their cation-complexing abilities. Selective chelation of 
the cations was observed (Figure 24). 
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Figure 24; Effect of varying [M+] on photochromic behaviour of 4.36, 4.37, 4.38. All curves after 
irradiating with light of A- max <400nm; on irradiating at 580nm colour is lost as reversion to closed form 
occurred. The photochromic cycle could be repeated. concn 1 x 1 a-s M molar ratios of M+ C/04 -; curve a, 
50:1, b, 250:1q_c, ＲｾＰＰＺＱＬｦｴ＠ 500j1.f_1, e, 150J>IJ:1, f, 25000 (maximal effect). In acetonitrile solutions ( 
where M+ = Li , Na , Ca , Ba and Mg ). 
The photochromic studies were principally carried out in aprotic solvents using the metal 
perchlorates of u+, Na +, ca2+, Ba2+ and Mg2, measuring the position of equilibrium by 
uv spectroscopy (Table 6, 7 and 8). Freshly prepared solutions of the reagents (1 x 1 o-5 
M) were examined after adding the metal salt and equilibration in the dark for 1 h and then 
after exposure of the solution to first, ultraviolet light, using a focused 200W high 
pressure mercury xenon light source, filtered to emit light in the region 330 to 420nm, for 
1 minute, remeasuring the uv spectrum and then exposing the solution to a 1 OOW 
tungsten spotlight for 3 minutes and remeasuring the UV spectrum. Where relevant, the 
reversibility of the systems was examined by repetition of the light cycle. 
With the unsubstituted crown spiropyran 4.36, in acetonitrile solution, addition of u+ 
(15 l;r X, 0.15M) caused an immediate shift to the open form (ca, 50°/o); further addition 
of Lt did not affect the equilibration. Whilst irradiating with UV light caused a moderate 
increase in the amount of open form present (Table 6), irradiation with visible light only 
effected a shift to the 'dark' equilibrium position, a considerable amount of the open form 
remaining. 
It was argued that the presence of an electron withdrawing group para- to the indolic 
nitrogen atom, at position 5' as in 4.37, would counteract this tendency for ring-opening. 
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In the absence of M+ cations, spiropyrans 4.37 showed virtually no photochromic 
behaviour (Table 7). Upon addition of M+ ions, only a very small shift to the coloured 
form occurred but photochromic behaviour was observed, with the formation of the 
coloured merocyanine isomer by chelation to the aza-crown group. The effect of M+ ions 
could be titrated after exposure to UV light, little effect being observed until the M+ 
concentration exceeded 1 o-2 M. As expected the presence of water attenuates the 
photochromic behaviour of 4.38 and, in 1:1 aqueous acetonitrile in the present of M+, only 
about 40°/o of the merocyanine formed on irradiating with UV light, although this was 
again reversed with visible light. 
The trifluoromethyl derivative 4.38 exhibited photochromic properties similar to but less 
pronounced to those of 4.37. In the absence of cations this shows a partial tendency to 
open (see Table 8) but either thermally or in the presence of light this was reversed to 
give the closed form. Addition of Li+ caused a larger shift to the open form than that 
observed with 4.37 (Table 8) although the equilibrium could be shifted in either direction 
by exposure to UV and visible light. 
Important trends were established using the cations u+, Na +, ca2+, Ba2+ and Mg2+. 
For both 4.36 and 4.37 only small perturbations were observed using the listed cations. 
However, large changes in the equilibrium positions of 4.38 were induced by divalent 
cations such as Ca2+, Mg2+ and Ba2+. In particular these divalent cations converted the 
compounds 4.36, 4.37 and 4.38 into photochromically reversible systems; these effects 
were studied further as these results allow for an essentially clean switching 'on' and 'off' 
of metal chelation, by exposure to the light cycle as against the partial effects reported 
previously (Figure 25). Figure 25 shows typical results for the system 4.38 in the 
presence of metals. The equilibrium is shifted to the right. This change can only be 
explained by interaction with M+ ions. 
Conclusion 
The results obtained for compound 4.36, support the work of Kimura.68 However 
compounds 4.37 and mainly 4.38 show greater photochromic effects, because the two 
electron withdrawing substituents para to the indolic nitrogen, shift the equilibrium to the 
left, therefore allowing the M+ ions to compensate this effect. 
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Table 8 
For the crown substituted spiropyran, R1= CF3 and R2= N02 (4.38}, the following results were obtained at various concentrations 
Ratio Overall no metal Li+ Na+ Ca2+ Ba2+ Mg2+ 
spiropyran :metal concentration (540nm) {520nm) {540nm) {510nm) {540nm) (500nm) (4.38) darka Uvb Vise darka Uvb Vise darka Uvb Vise dark8 Uvb Vise darka Uvb Vise darka Uvb Vise 
1:25000 0.25M 0.6 0.8 0.1 0.2 0.6 0.1 0.7 1.9 1.6 0.7 1.7 0.40 0.3 2.3 0.1 
-
1:15000 0.15M 0.6 0.8 0.1 0.25 0.5 0.1 0.8 2.0 1.5 0.8 1.0 0.40 0.3 0.9 0.1 
-
1:5000 0.05M 0.5 0.8 0.1 0.2 0.45 0.1 0.8 2.0 1.2 0.6 0.8 0.50 0.4 0.8 0.1 
-
1:2500 0.025M 0.5 0.7 0.1 0.25 0.4 0.1 0.7 2.0 0.8 0.6 0.8 0.50 0.4 0.7 0.1 
-
1:250 0.0025M 0.3 0.8 0.1 0.2 0.4 0.1 0.6 1.9 0.8 0.4 0.8 0.1 0.4 0.5 0.1 
.... 
-
1:50 0.0005M 0.3 0.7 0.1 0.2 0.4 0.1 0.7 1.8 0.7 0.2 0.6 0.15 0.4 0.5 0.1 
-
0.1 0.15 <0.01 
1:0 0 - - - - -
a) approx values obtained from uv spectra in absorbance units for 2 x 1 o-5 M solution in acetonitrile at room temperature. 
b) approx absorbance unit values after irradiating for 1 minute - See experimental for details 
c) approx values after exposure of UV solution to visible light for 3 minutes - See experimental for details 
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Table 6 
For the crown substituted spiropyran, R1= Hand R2= N02 (4.36), the following results were obtained at various concentrations 
Ratio Overall no metal Li+ Na+ Ca2+ Ba2+ Mg2+ 
spiropyran/ concentratio {535nm) {510nm) {540nm) {530nm) {540nm) {520nm) 
metal n darka Uvb Vise darka Uvb Vis darka Uvb Vise darka Uvb Vise darka Uvb Vise darka Uvb Vise (4.36) 
1:25000 0.25M 0.1 0.3 0.2 0.2 0.3 0.2 0.15 0.2 0.15 0.2 0.3 0.2 0.15 0.2 0.15 
-
1:15000 0.15M 0.2 0.25 0.25 0.15 0.2 0.15 0.15 0.2 0.15 0.15 0.2 0.15 0.15 0.2 0.15 
-
1:5000 0.05M 0.15 0.25 0.2 0.15 0.2 0.15 0.15 0.2 0.15 0.15 0.2 0.15 0.15 0.2 0.15 
-
1:2500 0.025M 0.15 0.175 0.2 0.15 0.2 0.15 0.15 0.2 0.15 0.15 0.2 0.15 0.15 0.2 0.15 
-
1:250 0.0025M 0.15 0.15 0.25 0.15 0.2 0.15 0.15 0.2 0.15 0.15 0.2 0.15 0.15 0.2 0.15 
-
1:50 0.0005M 0.2 0.3 0.35 0.15 0.2 0.15 0.15 0.2 0.15 0.15 0.2 0.15 0.15 0.2 0.15 
-
0.4 0.6 0.5 
1:0 0 - - - - -
a) approx values obtained from uv spectra in absorbance units for 2 x 1 o-5 M solution in acetonitrile at room temperature. 
b) approx absorbance unit values after irradiating for 1 minute- See experimental for details 
c) approx values after exposure of UV solution to visible light for 3 minutes - See experimental for details 
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Table 7 
For the crown substituted spiropyran, R1= N02 and R2= N02 (4.37), the following results were obtained at various concentrations 
Ratio Overall no metal Li+ Na+ Ca2+ Ba2+ Mg2+ 
spiropyran/ concentratio (530nm) (540nm) {545nm) (535nm} (550nm) (500nm} 
metal n ､｡ｲｾ＠ Uvb Vise dark8 Uvb Vise dark8 Uvb Vise dark8 Uvb Vise dark8 Uvb Vise dark8 Uvb Vise (4.37) 
1:25000 0.25M 0.05 0.2 0.05 <0.1 0.2 <0.1 0.3 0.45 0.2 0.2 0.35 0.15 0.2 0.4 0.15 
-
1:15000 0.15M 0.05 0.2 0.05 0.1 0.2 0.1 0.1 0.4 <0.1 0.15 0.35 0.1 0.2 0.3 0.25 
-
1:5000 0.05M 0.05 0.2 0.05 0.1 0.2 0.1 0.1 0.3 <0.1 0.1 0.35 0.1 0.15 0.2 0.15 
-
1:2500 0.025M 0.05 0.2 0.05 0.1 0.2 0.1 0.1 0.2 0.15 0.1 0.2 0.1 0.15 0.2 0.1 
-
1:250 0.0025M 0.05 0.15 0.05 0.1 0.2 0.1 0.1 0.2 0.15 0.1 0.2 0.1 0.1 0.2 0.1 
-
1:50 0.0005M 0.05 0.1 0.05 0.1 0.15 0.1 0.1 0.2 0.15 0.1 0.2 0.15 0.1 0.2 0.1 
-
0.05 0.1 <0.01 
1:0 0 - - - - -
a) approx values obtained from uv spectra in absorbance units for 2 x 1 o-5 M solution in acetonitrile at room temperature. 
b) approx absorbance unit values after irradiating for 1 minute - See experimental for details 
c) approx values after exposure of UV solution to visible light for 3 minutes - See experimental for details 
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The typical spectral cycle (the UV Nisible behaviour) for the spiro system 
(4.38) is given in Spectra 1-3. In the absence and presence of metal. 
• Spectra 1: No metal; little formation of the OPEN form present. 
• Spectra 2: Typical results for Ba 2+,(similar results with Ca2+, Mg2+); photoreversibility observed. 
• Spectra 3: Typical results for Li +, (similar results with Na+); photoreversibility observed. 
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a=equilibrating in the dark, b=UV light 
Figure 25: UV /visible-behaviour 
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/8 
Selectivity 
It was observed that the 'A max for the complexed (open) forms was dependent on the 
cation mix. This effect was used to explore possible selectivities, when a mixture of two 
cations was used. 
The key experiment carried out was the mixing of two metal perchlorates in the following 
possible combinations (Table 9) (X = possible combination covered). 
Mg Ba Na Li Ca 
Mg MgBa MgNa MgLi MgCa 
X 
Ba X BaN a BaLi BaCa 
X 
Na X X Nali NaCa 
X 
Li X X X LiCa 
X 
Ca X X X X X 
Table 9 
Results can be summarized as in Table 10 
' ----- - ｾ＠
'A. max 'A. max size of general observations for the spiropyrans 
(open form (open form cation (4.38) 
complexed complexed to 
to M+ ion) a mixofM+ 
nm ions) nm 
540 540 1.43 Large cation, however only wins when in competition 
Ba2+ 
with Na + ' 'A.max for Ba2+ observed. 
500 490-500 0.78 Ring opens immensely, strongest binding together with 
Mg2+ Ca2+. Binding effects can still be seen with ratios as 
low as 1:1 of crowned spiropyran to metal. 'A. max for 
Mg2+ is observed at all times. 
Na+ 540 530-540 0.98 loses when in competition with Ba2+ 
Lt 520 515 0.78 wins when in competition with Ba2+ & Na + 
510 505 1.06 ring opens immensely, along with Mg2+ Ca2+ 
Control 540 540 - photochromic, however not to the extent of the crowned 
spirobenzopyrans with added metals. 
Table 10 
Priority for selectivity is as follows 
2+ 2+ .+ 2+ + Mg > Ca > Ll > Ba > Na 
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4.4 Quantitative UV Studies - EXTRACTION 
ICP (inductively coupled plasma) is the analytical tool used prove that metal ion 
transportation is taking place. The test system demonstrated in Figure 26 was designed 
and used to support this aim. 
Referring to previous studies (section 4.3), good photochromic effects and metal binding 
was observed for compound (4.38), using the divalent metal ions, ca2+, Ba2+ and Mg2+. 
Therfore a transport system (Chapter 7, for experimental conditions) was set up, consisting 
of two immiscible layers. The bottom layer consisted of the crowned spiropyran (4.38) at a 
concentration of 2 x 10 -4 M in 1 ,2-dichloroethane and the top layer consisted of metal 
perchlorate at 2 x 10 -4 M in water (1 :1 ratio). The concept being similar to that of the 
extraction technique discussed in section 2.6.3. 
The position of equilibrium was measured by UV spectroscopy for the copmound (4.38): 
(a) Before adding the metal salt (control), (b) after adding the metal salt in the dark, (c) 
exposure of the solution to UV light allowing remeasuring the UV spectrum and then (d) 
exposure to visible light remeasuring the UV spectrum. 
The experiment was repeated simultaneously four times, and 3 ml of the aqueous layers 
collected for each of the metals studied (M+ = ca2+, Ba2+ and Mg2+). This aqueous layer 
was analysed by ICP analysis and Table 11 shows the constants (parts per million) that 
was observed for the test system. 
Mg?-+ Ba:e?+ Ca;l+ 
CONTROL 5.694 14.812 8.774 
DARK 0.786 14.972 7.572 
IRRAD 0.697 10.799 3.654 
VIS 2.377 13.879 4.780 
Table 11: values in ppm. The constants are the values of the freshly prepared samples starting with a 
control of 2 X 1o-4M solution. 
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ICP, used to show leaving metal ions in aqueous phase at 
different stages, hence the partitioning effect. 
Figure 26 
• 
Graphs 1 and 2, interpret the data given in Table 11. 
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Graph 1; Compound (4.38), %metal ions left in aqueous layer. 
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STD DARK uv VIS 
light cycle 
- ----- Mg2+ 
- ---- Ca2+ 
• Ba2+ 
Graph 2; Compound (4.38), % metal ions extracted from aqueous layer. 
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A decrease in aqueous concentration is observed between the aqueous layers left in the 
dark, then irradiating with UV light, as there is a migration of the metal ions into the organic 
layer (Table 11 ). An increase in the concentration was observed between the aqueous 
layers that had been irradiated and then left in visible light, as a migration of the metal 
ions back into the aqueous layer occurs. Graph 1 shows that Ba2+ ions were left mostly in 
the aqueous layer and Graph 2 shows the 0/o of metal ions extracted most readily from the 
aqueous layer are Mg2+ ions. 
Conclusion 
Compound 4.38 has been used to demonstrate that the metal ions, Ca2+ and Mg2+ and 
Ba2+ can be transported across a membrane and back again using light and the process 
of photochromism. 
When the experiment was repeated (using ca2+ and Mg2+ions) at lower concentrations, 
at 2x1 o-5M in each of the organic and aqueous layers, a much a lower percentage of 
migration of metal ions is observed as expected (Table 12). 
Mg:.!+ I Ca :.!+ 
CONTROL 0.620 0.825 
DARK 0.589 0.870 
IRRAD 0.589 0.849 
VIS 0.570 0.855 
Table 12: values in ppm. The constants are the values of the freshly prepared samples starling with a 
control of 2 X 10-5M solution. 
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Graphs 3 and 4 interpret the data given in Table 12. 
100 
98 
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94 
92 
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II] Mg2+ 
11 Ca2+ 
Graph 3; Compound (4.38), %metal ions left in aqueous layer, at 2 x 1(J5 M. 
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-1.-- Mg2+ 
• Ce.2+ 
Graph 4; Compound (4.38), %metal ions extracted from aqueous layer, at 2 x 10-5 M. 
Conclusion 
At 2 x 10-5 M, the maximal o/o of metal ions extracted was for magnesium, However less 
than 1 Oo/o was extracted and this effect did not appear to be reversible. 
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Quantitative UV Studies- EXTRACTION STUDIES USING (4.7, 4.16 and 4.22) 
A similar protocol as described previously for compound 4.38, was also used on the 
compounds, 4. 7, a known reference system and 4.16 and 4.22, as novel sterically 
hindered systems. 
ｾ＠IOU I o ｾｉ＠
CH30 N02 CH30 N02 CH30 N02 
(4.7) (4.16) (4.22) 
The compounds (4.7), (4.16) and (4.22) were used to demonstrate that the metal ion, 
zn2+ can be transported across a membrane. 
Results obtained were as in Table 13; 
(4.7) (4.16) II (4.22) 
CONTROL 10.988 10.606 11.929 
DARK 8.450 6.477 11.236 
IRRAD 5.288 7.114 8.854 
VIS 8.399 9.778 10.266 
Table 13: values in ppm. The constants are the values of the freshly prepared samples starting with a 
control of 2 X 10-4M solution. 
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Graphs 5 and 6 interpret the data given in Table 13. 
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Graph 5; Compounds ＨＴＮＷｾ＠ 4.16, 4.22), % Zn2+ ions left in aqueous layer, at 2 x 104 M. 
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Graph 6; Compounds (4.7, ＴＮＱＶｾ＠ 4.22), % Zn2+ ions extracted from aqueous layer, at 2 x 1U4 M. 
Conclusion 
The compounds (4.7) and (4.22) provided the expected trends in concluding that the zn2+ 
ions were transported across a membrane and back again using light. 
However even though results with ( 4.16) suggests that 20°/o of the Zn2+ ions have been 
extracted from the aqueous layer, no UV data exists for the support of the open trans form. 
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4.5 Variable Temperature Studies using 1Hnmr 
The deuterated solvents used for these studies were 1,1 ,2,2-tetrachloroethane and 
acetonitrile. By varying the temperature an indication of the position of equilibrium and the 
thermal stability can be obtained. 
The variable temperature studies were carried out on the following systems: 
(4.5) (4.17) (4.23) 
The variable temperature studies showed that at room temperature (298K) the equilibrium 
of the known system (4.5) lies to the open form and only the trans isomer is present. It is 
only at 340K before any presence of the closed form is observed. However a system with 
the thermal equilibrium in the closed form is required, as the eventual interaction in the 
presence of cations will shift the equilibrium to the open form. Therefore, for the ideal 
photoreversible switch it can be argued that the presence of steric hindrance to the indolic 
half of the spirobenzopyran, or the 3' position will increase the thermal barrier for ring 
opening and therefore create a more thermally stable spiropyran. Referring to the results 
obtained for system (4.17), the steric aim was achieved in the sense that no thermal 
conversion to the open form occurred; at 298K only the cis isomer was observed. This did 
not change, even at 41 OK. For system (4.23), at room temperature (298K), a mixture of 
closed and open isomers is observed (mainly open trans isomer present). The equilibrium 
for system (4.23) lies further to the closed form, than that for system (4.5) but not as far left 
as for the system (4.17). Table 14 summarizes the thermal results obtained. (See also 
1 Hnmr spectra a- f for compounds 4.5, 4.17 and 4.23). 
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System (4.5) System ( 4.17) System (4.23) 
298K only open isomer only closed isomer mixture of closed and 
present present open isomer present 
OBSERVATION N-CH3 4.0 ppm, geminal N-CH3 2. 7ppm, geminal N-CH3 4.0 ppm (trans}, N-
CH3 (s) 1.7 ppm CH3 (d) 1.13, 1.16ppm CH3 2.78 ppm(cis), 
olefinic proton(d J 15) olefinic proton(d J 15) 8.22 
8.23 ppm(trans) & 8.6 ppm(trans), olefinic 
proton 5.89 ppm, (d, J 1 0) 
(cis). 
3201< only open isomer only closed isomer mixture of closed and 
present present open isomer present 
OBSERVATION N-CH3 4.0 ppm, geminal N-CH3 2. 7ppm, geminal N-CH3 4.0 ppm (trans), N-
CH3 (s) 1.7 ppm CH3 (d) 1.13, 1.16ppm CH3 2. 78 ppm( cis), 
olefinic proton(d J 15) olefinic proton(d J 15) 8.22 
8.23 ppm(trans) & 8.6 ppm(trans), olefinic 
proton 5.89 ppm, (d, J 10) 
(cis). 
3401< mixture of closed and only closed isomer mixture of closed and 
open isomer present present open isomer present 
OBSERVATION N-CH3 4.0 ppm (trans), N- N-CH3 2. ?ppm, geminal N-CH3 4.0 ppm (trans), N-
CH3 2.7ppm(cis), geminal CH3 (d) 1.13, 1.16ppm CH3 2.78 ppm(cis), 
CH3 (s) 1.7 ppm(trans), olefinic proton(d J 15) 8.22 
geminal CH3 (br) 1.13(cis). & 8.6 ppm(trans), olefinic 
olefinic proton(d J 15) proton 6.02 and 6.55 ppm, 
8.23 ppm(trans) (d, J 1 0) (cis). 
3601( mixture of closed and only closed isomer mixture of closed and 
open isomer present present open isomer present 
OBSERVATION N-CH3 4.0 ppm (trans), N- N-CH3 2. 7ppm, geminal N-CH3 4.0 ppm (trans), N-
CH3 2.7ppm(cis), geminal CH3 (d) 1.13, 1.16ppm CH3 2.78 ppm(cis), 
CH3 (s) 1.7 ppm(trans), olefinic proton(d J 15) 8.22 
geminal CH3 (br) 1.13( cis). & 8.6 ppm(trans), olefinic 
olefinic proton(d J 15) proton 6.02 and 6.55 ppm, 
8.23 ppm(trans) & (d, J 1 0) (cis). 
6.02ppm (d, J 10) (cis). 
3801< mixture of closed and only closed isomer mixture of closed and 
open isomer present present open isomer present 
OBSERVATION N-CH3 4.0 ppm (trans), N- N-CH3 2. 7ppm, geminal N-CH3 4.0 ppm (trans), N-
CH3 2.7ppm(cis), geminal CH3 (d) 1.13, 1.16ppm CH3 2.78 ppm(cis), 
CH3 (s) 1.7 ppm(trans), olefinic proton(d J 15) 
geminal CH3 (br) 1.13(cis). 8.22 & 8.6 ppm(trans), 
olefinic proton(d J 15) olefinic proton 6.02 and 6.55 
8.23 ppm(trans) & ppm, (d, J 10) (cis). 
6.02ppm (d, J 10) (cis}. 
410k mixture of closed and only closed isomer mixture of closed and 
open isomer present present open isomer present 
OBSERVATION N-CH3 4.0 ppm (trans), N- N-CH3 2. ?ppm, geminal N-CH3 4.0 ppm (trans), N-
CH3 2.7ppm(cis), geminal CH3 (d) 1.13, 1.16ppm CH3 2.78 ppm( cis), 
CH3 (s) 1.7 ppm(trans), olefinic proton(d J 15) 
geminal CH3 (br) 1.13(cis). 8.22 & 8.6 ppm(trans), 
olefinic proton(d J 15) olefinic proton 6.02 and 6.55 
8.23 ppm( trans) & ppm, (d, J 1 0) (cis). 
6.02ppm (d, J 10) (cis). 
Table 14 
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SP.ectrum (a} 2gaK Thermal study of compound 4.5 using 1 Hnmr. Solvent used is 1,1 ,2,2_ TCE. r le 
1,1 ＬＲＬｾＭｔｃｆＮ＠
-; · 
Trans isomer ·only 
N-CH3 
1.0 
spectrum (b) 320.K 
• 
. Trans isomer only 
ｾＭｃｈＺｪ＠
6.5 6 , 0 PP1.i5 4.0 3.5 s.o 2.5 
1.5 f..O 
• · spectrum (c) 340K 1 ;1,2,2-TCE 
Trans and Cis isomers 
.C.5 .c.o 
PPH 75 
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· ｳｰ･｣ｾｲｵｾ＠ (d) ＳＶＰｾ＠
Trans and Cis isomers 
I A.O 8.5 8,0 7,5 7.0 6.5 6.0 
; 
_ spectrum (e) 380K 
Trans and Cis isomers 
1, {2.2-TQE . 
5.6 6.0 4.5 
PPM 
., 
.. 1.r 1 ,2,2-TCE 
gem CH3 
. N-CH::t 
N-CH3 
N-CH3 , 
c . · N-CH3· 
9.0 8.5 o.o 7.5 7.0 6.5 6.0 5,6 5.0 -1 •. 5 4.0 3.5 3,0 2.5 2.0 
PPH 
spectrum (f) 41 OK 
1,1,2,2-TCE 
Trans and Cis isomers 
!.5 1.0 
s.o 2.5 2.0 1.5 s.o 
- --- - ----------------·. 
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Thermal study of compound 4.17 using 1Hnmr. Solvent used is 1,1,2,2-TrF. 
• 
. . .. . 
spectrum (a) 298K j • 
gem CH3 
1,1.2,2-TCE 
• 
(17) . 
1.0 
• 
3pectrum (f) 41 OK N-CH3 
gem CH3 
CH3 
1 ;1.2.2-TCE 
• 
6.5 6.0 5.5 5,0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 i.O 
PPM 
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spectrum (a) 298K Thermal study of compound 4.23 using 
1Hnmr. Solvent used is 1,1,2,2-TCE. 
Trans and Cis isomers 
1 I 1 ,2,2-TCE 
·: ｎＭｃｈｾＮ＠
(23) 
N-CH3_ .. 
ﾷＮｾ＠ .. ｾＺ＠ ... ＺＮｾ＠ .:. ｾＮＺＮ＠
PPH • 
spectrum (b) 320K 
· Trans and Cis isomers 
I 
9.0 
spectrum (c) 340K 
I 
7.0 
·, ·rans and Cis isome(s 
I I I I 
0 5 n 0 7 5 7.0 
1,1,2,2-TCE 
I 
6.5 ＵｾＵ＠
1,1,2,2-TCE 
I I I 5.5 6.5 6.0 
I I 
5,0 4.5 
N-CH3 
I 
4,0 
I 
4.0 
f>PH 
I 
3.5 
1.5 1.0 
I I I I I 
3.0 2,5 2.0 s.s s .o 
-------- ---
78 I j 
.spectrum ·(d) 360K 
• I . 9.0 
spectrum (e) 3BOK 
• 
spectrum (f) 41 OK 
• 
• 
I 
a.s 
I 
7.5 
. 1,1,2,2-TC?E 
I 
6.5 
I 
6.0 
1, 1,2,2-TCE 
N-CH3 
I I 
<4.5 4.0 
PPH 
N-CH::\ 
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I 
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The variable temperature studies using 1 Hn.m.r. were also carried out on the systems 
(4.12) and (4.24): 
CF3 
(4.12) (4.24) 
The variable temperature studies showed that at room temperature (298K) the equilibrium 
of the known system (4.12) lies to the left and only the closed (cis) isomer is present. 
System (4.12) System (4.24) 
298K only closed isomer present only closed isomer present 
OBSERVATION N-CH3 2. 78ppm, olefinic H N-CH3 2. 77ppm, olefinic H 5.8ppm 
5.76ppm (d) J 10, geminal CH3 (d) J 10, geminal CH3 (d) 1.13, 
(d) 1.14, 1.1 Oppm 1.10ppm 
3601( only closed isomer present only closed isomer present 
OBSERVATION N-CH3 2. 78ppm, olefinic H N-CH3 2. 77ppm, olefinic H 5.8ppm 
5.76ppm (d) J 10, geminal CH3 (d) J 10, geminal CH3 (d) 1.13, 
(d) 1.14, 1.1 Oppm 1.10ppm 
Table 15 
It can be concluded that even at 360K no thermal switching to the open form occurs. This 
observation is also seen for the new hindered system (4.24). 
Table 15 summarizes the observations (See also 1Hnmr spectra a and b for compounds 
4.12 and 4.24) . 
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Thermal study of compound 4.12 using 1Hnmr. Solvent used is acetonitrile . 
• 
• 
(12) 
ocrh 
J=10 
spectrum (a) 298K 
• 
• 
J== 1o 
QCI-"b ｎ Ｍ ｃｈ ｾ＠ · 
• 
spectrum (b) 360K 81 
Thermal study of compound 4.24 using 1 Hnmr. Solvent used is .acetonitrile . 
• 
spectrum (a) 298K 
N-C\-h 
(24) . 
• J=10 
ｾ＠
7.5 7.0 6 , 5 6.0 ＵｾＵ＠ ＵｾＰ＠ ＴｾＵ＠ 4.:.Q. 3 . 5 3 . 0 2 . 5 2.0 S.5 ＱｾＰ＠ .'5 
• 
spectrum (b) 360K 
• 
J=10 
7.5 7.0 6 . 5 6.0 5 . 5 5.0 4.5 4.0 3.5 3.0 I' PH 
1.5 . 5 2.5 2 . 0 1.0 0 . c 
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4.6 Temperature studies using UV spectroscopy 
Kinetics for the formation of the open merocyanine form 
It is evident from the UV spectra that the peak in the visible region due to the formation of, 
or disappearance of the open merocyanine form, increases or decreases respectively as 
the reaction proceeds. This has been monitored . A plot of absorbance at the particular 
wavelength of the open form versus time is plotted for each of the reactions studied (See 
also Appendix for physical data obtained from reactions). Since the concentration of the 
open form can be taken as a first order plot, a straight line should be obtained. 
The rate constant , k1 is equal to the -slope of ln[B] Vs time 
therefore a plot of In (A -At) vs t enabled calculations of ｾ＠ 1 
Where 
A = Absorbance of open merocyanine form at reaction end. 
At = Values of absorbance at time t of open merocyanine form during course of reaction. 
(A -At) proportional to concentration of merocyanine = a 
and also t112 = half life for disappearance or appearance of merocyanine (open form) 
concentration. 
The solvents used for these studies include dry dichloroethane, acetonitrile and methanol. 
By varying the temperature, an indication of the position equilibrium and the thermal 
stability can be obtained. 
The thermal decolouration of compounds 4.3 and 4.20 (Scheme 27) are studied in various 
solvents and temperatures at 2 X 1 o-4 M after irradiating for 1 minute. After irradiating with 
UV light, absorbance due to the merocyanine dye was continuously measured versus 
time. 
ｾｊ｟ＯＰＨＩＢＧ］＠ NOz Thermal ｾｒ Ｓ＠ ｾ＠ｾｎＮＬＺｲ＠ 4 ,. ｾ＠ ....... 
-o N I Decolouration I 0 
(4.3) R3 = C(CH3)2 
(4.20)R3 = C5H1 0 
Scheme 27 
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Thermal decolouration rate for the compounds 4.20 (c) and 4.3 (g.m) in acetonitrile at 2 
x 10-4M at room temp (21°C) are calculated from Graph 8 and the t112 from Graph 7. 
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Graph 7 
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-I 
-1 
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Graph 8 
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II 9(\) 
__ j 
For compound 4.20 (c) k1= 8.98 x 10"2 sec·1 and for compound 4.3 (g.m) k1= 2.87 x 
10"2 sec·1• 
For compound 4.20 (c) t112 = 1 min and for compound 4.3 (g.m) t112 = 2 mins. 
Thermal decolouration rate for 4.20 and 4.3 in DCE at 2 x 1 0"4M 
at room temp (21° C). 
0.7 
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II 
For compound 4.20 (c) k1= 0.33 x 1 o- 1 sec·1 and compound 4.3 (g.m) k1= 0.25 x 1 o-1 
sec·1• 
For compound 4.20 (c) t112 = 0.5 min and for compound 4.3 (g.m) t112 = 0.65 min. 
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Thermal decolouration rate for 4.20 and 4.3 in methanol at 2 x 1o-4M at room temp 
(21 °C). 
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For compound 4.20 (c) k1= 1.36 x 1 o· 3 sec·1 and for compound 4.3 (g.m) k1= 5.50 x 
10" 4 sec·1• 
Thermal decolouration rate for 4.20 and 4.3 in methanol at 2 x 1 o·4M 
at room temp (50°C). 
0.9 . 
0.8 
0.7. 
g 0.6 
€ 0.5 
0 
1! 0.4 
<( 
0.3 
02 
0.1 . ------------------
0 ·++++-1-+-H-4-1-t-H I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
ｯｾｎｾｾｾｭｾｾｭｯｾｎｾｾｾｷｾｾｭｯ＠
ｔＭｯｲＢＭＢｲＢＧＢｃＭＢＢＢＢＬ｟Ｌ｟ＢｴＭＧｬＢＢＧＢｾＨＧ｜Ｑ＠
T(nins) 
Graph 13 
ｾ＠ｾ＠
0 ｾＭｈＫｉＫｈＫｈＫｉＫｉＭｴＫｴＫＫｈＫｴＫｈＫｈＫｴＫＫｈＭｈＫｈｾ＠ i 1 • t ·I HI+' 1-' i I 1 t L 1·1 ·1-H 
<( 
c:: 
......1 
-1 
-1.5 
-2 
I 
-2.5 J 
Graph 14 
ｾｾｷｾｭｾｎｾｾｾｾｾｾｾｾｾｾｾｯｾ＠
ｾ＠ ｾ＠ ｡ｾｍｾｭｾｭｎｾｎｾｎｲｯｍｾ＠
ｾ＠ ｾ＠ or- or- N C'J N M 
T(nins) 
. I 
1: gml 
•c I 
.. .. l 
For compound 4.20 (c) k1= 4.11 x 10· 1 sec·1 and compound 4.3 (g.m) k1= 2.88 x 10" 2 
sec·1• 
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The thermal colouration rate compounds 4.5 and 4.23 (Scheme 28) are obtained in 
methanol at 2 X 1 o-4 M after shining with visible light for 3 minutes. After shining with 
visible light, appearance of absorbance due to the merocyanine dye was continuously 
measured against time. 
(4.5) R3 = C(CH3)2 
(4.23)R3 = CaH1 0 
Thermal 
colouration 
Scheme 28 
Thermal co lou ration rate for 4.23 (c) and 4.5 (g.m) in methanol at 2 x 1o-4M 
at room temp (21 °C). 
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For compound 4.23 (c) k1= 1.89 x 10- 2 sec·1 and for compound 4.5 (g.m) k1= 3.48 x 
1 o·2 sec·1. 
-------------------------------------- -
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Thermal colouration rate for 4.23 (c) and 4.5 (g.m) in methanol at 2 x 1o-4M 
at room temp (40°C). 
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For compound 4.23 (c) k1= 2.03 x 10· 1 sec·1 and compound 4.5 (g.m) k1= 1.43 x 10· 1 
sec·1• 
The thermal decolouration rate compounds 4.3 , 4.20, 4.30 and 4.32 (Scheme 29) are 
obtained in methanol at 2 X 1 o-4 M after irradiating for 1 minute. After irradiating with UV 
light , absorbance due to the merocyanine dye was continuously measured versus time. 
ｾｊｊ｣ｃｊＧＭＧＺＺ＠ No2 Thermal ｾｒＳ＠ ｾ＠ｾｾ＠ h )lo ｾ＠ •• --
·a N ｾ Ｔ＠ Decolouration I 0 R4 
(4.3) R3 = C(CH3)2 R4 = CH3 
(4.20) R3 = c6H1 o R4 = CH3 
(4.32) R3 = C(CH3)2 R4 = C5H13 
(4.30) R3 = C6H1 O R4= C5H13 
Scheme 29 
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Thermal decolouration in methanol of the compounds 4.3, 4.20, 4.30 and 4.32 at 21 oc. 
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For compound 4.20 (c) k1 = 1.24 x 10-3 4 sec-1 and for compound 4.3 (g.m) k1 = 6.38 x 10-4 
sec-1. 
For compound 4.30 (Ac) k1 = 1.33 x 10-3 4 sec-1 and for compound 4.32 (A.g.m) K1 = 9.72 
X 1 0-4 sec-1. 
The reverse process was also considered (Scheme 30). 
Thermal 
Colouration 
(4.3) R3 = C(CH3)2 R4 = CH3 
(4.20)R3 = C5H1 0 R4 = CH3 
(4.32)R3: C(CH3)2 R4 = C6H13 
(4.30)R3 = c6H1o R4= C6H13 
Scheme 30 
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Thermal co lou ration in methanol of the compounds 4.3, 4.20, 4.30 and 4.32 at 21 oc. 
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For compound 4.20 (c) K1= 3.92 x 10-34 sec·1 and for compound 4.3 (g.m) K1= 3.44 x 10-3 
sec·1• 
For compound 4.30 (Ac) K1= 3.22 x 1 o-3 4 sec·1 and for compound 4.32 (A.g.m) K1= 3.03 x 
1 o-3 sec·1. 
Conclusions 
1. The thermal decolouration of the hindered, spiro compound {4.20), occurs quicker than 
that of the simple model spiro compound {4.3). This trend is consistent with the three 
different solvents (DCE, acetonitrile and methanol) used. The more polar the solvent, the 
slower the decolouration occurred and as temperature is increased, the quicker the 
decolouration occurred (in methanol, at 50°C). 
2. The thermal colouration of the hindered, spiro compound (4.23), occurs more slowly, in 
methanol, than that of the simple model spiro compound (4.5). This trend is consistent at 
40°C. By increasing the temperature, the thermal colouration rate was increased. 
3. Thermal colouration and decolouration of the compounds (4.3), (4.20), (4.30) and (4.32) 
was considered. 
(a) The increasing thermal co lou ration rate of the compounds was in the order of: 
{4.32) < (4.30) < {4.3)< (4.20) 
89 
• 
The compound (4.20) is the most thermally stable compound to thermal colouration. 
(b) The increasing thermal decolouration rate of the compounds was in the order of: 
(4.20) < (4.30) < (4.3)< (4.32) 
The compound (4.32) is the most thermally stable compound to thermal decolouration. 
The thermal fading of a coloured solution is caused by the sole disappearance of a single 
chemical species in a unimolecular reaction ( and thermal appearance for the reverse 
reaction); the fade rate follows first order kinetics. When the thermal studies were carried 
out in methanol at higher temperatures (40°C and 50°C), a fast and slow fading rate was 
observed which may suggest the presence of several isomers of the coloured form. Many 
of the experimentally determined kinetic plots that show notable deviations from linearity 
have been resolved into fast and slow fading first order rates. 2 
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4.7 Acid catalysed isomerisation studies using 1H nmr 
A study on the effect of acid on some spiropyrans, which complements and clarifies 
earlier spectroscopic studies is considered. A simple, non-photochemical method for the 
generation of the open and, zwitterionic form, is described thus allowing studies on the 
thermal (or photochemical) decay of this species back to the starting material, without the 
need for the initial photoirradiation.69 
The acid catalysed isomerisation studies using 1 H nmr were carried out on the 
compounds (4.7) and (4.16). 
(4.7) (4.16) 
Discussion for the known system (4.7) 
To a solution of spiropyran in CD3CN, one equivalent of deuterated TFA was added and 
the 1Hnmr spectrum recorded. The addition of trifluoroacetic acid (1 equiv) caused the 
two singlets corresponding to the gem-dimethyl signals (spectra b) to coalesce into a 
single signal (spectrum e) indicating an acid-catalysed process in which these methyl 
groups become equivalent or rapidly interconverting. This may be explained by 
assuming the onset of a fast equilibration between the closed form and a ring-opened 
species, either the cis-open form or its protonated form. Acid catalysis must be involved 
at room temperature, since rapid opening of the spirosystem only occurs thermally at 
much higher temperatures. The vinylic protons on the olefinic bond appeared to show 
their cis-coupling (J 10.0 Hz) and no major shifts in the observed signals occurred. 
Concurrent with this equilibration is the appearance of a new set of signals which 
increase as more acid is added. In this new species the cis-coupled vinylic protons were 
replaced by a trans-coupled pair of hyrogens (J 15.0 Hz), whilst both the N-methyl ( from 
2. 77 ppm to 3.66 ppm) and gem-dimethyl signals (1.16 and 1.13 ppm to 1.6 ppm) move 
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downfield, indicating deshielding. The conversion to the new species was assigned as 
the protonated structure (4.7H+) (spectrum e). 
The opening of the chroman ring thus appears to result from the acid catalysed pre-
equilibration between the closed form and the protonated open, iminium salt form, 
followed, in the presence of any excess of acid, by rapid thermal isomerisation to the 
thermodynamically more stable trans-isomer. This yellow, protonated species showed a 
new ultraviolet absorption spectrum with a band at 450 nm. Earlier studies on such 
protonated species showed that irradiation of this band causes temporary isomerisation 
to a new species, assumed to be due to conversion to the protonated cyclic form. 70 
The neutralisation of the acid, effected by the add.ition of sodium deuteroxide to the open 
salt (spectrum f), caused a local transient purple coloration to appear, due to the 
formation of the merocyanine zwitterion, the purple colour of the zwitterion persisted, 
followed by a slow discolouration, caused by the known thermal recyclisation process; 
(the rate of disappearance 530 nm) could be conveniently followed by UV spectroscopy. 
Discussion for the new system (4.16) 
To a solution of spiropyran in CD3CN, one equivalent of deuterated TFA was added and 
the 1 H nmr spectrum recorded. The addition of trifluoroacetic acid (1 equiv,) caused the 
singlet (spectrum a) to form two singlets(spectrum c) corresponding to the gem-dimethyl 
signals indicating an acid-catalysed process in which these methyl groups become 
nonequivalent or slowly interconverting (the reverse of system 7) . Concurrent with this 
equilibration is the appearance of a new set of signals which appear as more acid is 
added; theN-methyl (from 2.7 ppm to 3.88 ppm) and gem-dimethyl signals (1 .14 ppm to 
1.26 ppm and 1.60 ppm) moving downfield, indicating deshielding. The neutralisation of 
the acid, effected by the addition of sodium deuteroxide to the open salt (spectrum d), 
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caused a local transient orange coloration to appear, due to the formation of the 
merocyanine zwitterion. The reappearance of the control set of signals appeared (those 
present in absence of acid) ; the N-methyl ( from 3.88 ppm to 2.8 ppm) and gem-dimethyl 
signals (at 1.26ppm and 1.60 ppm) coalesced to form a singlet at 1.2 ppm moving 
upfield, indicating shielding. It is proposed that the mechanism shown in Scheme 31 is 
taking place. 
(4.16) major 
minor 
Scheme 31 
Neither of the two spirobenzopyrans (sytstem 4. 7 and 4.16) showed measurable 
amounts of the merocyanine isomers in deuterioacetonitrile in the absence of acid. 
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An Acid (deuterated TFA) I base (NaOD) study was carried out on compound 4.16 in CD3CN, 
using 1 H nmr. . 
(4.16) 
Control spectrum of compound 4.16. 
ｾＭＭＭＭ '-'-----·'L.__ 
Spectra (a) 
.5 
An Acid (deuterated TFA) I base (NaOD) study was carried out on compound 4.7 in CD3CN, 
using 1 H nmr. 
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An Acid (deuterated TFA) I base (NaOD) study was carried out on compound 4.16 in CD3CN, 
using 1 H nmr. 
After addition of 1 equivalent of deuterated TFA gem CH3 
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An Acid (deuterated TFA) I base (NaOD) study was carried out on compound 4.7 in CD3CN, 
using 1 H nmr. 
(4.7) 
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4.8 Zinc catalysed isomerisation studies using 1H nmr on compounds (4.12) & 
(4.24) 
(4.12) (4.24) 
To a solution of spiropyran (4.12), and (4.24) in CD3CN, one and five equivalents of 
ｚｮｾｉＰｾ Ｒ ｷ｡ｳ＠ added and the 1 H nmr spectra recorded (spectra a-d). The addition of 
ｚｾｉＰｾ Ｒ ｴｯ＠ system (4.12) caused a broadening of the two singlets corresponding to the 
gem-dimethyl signals, the appearance of new aromatic peaks, and the appearance of a 
new N-methyl peak at 3.98ppm (Spectra c and d) (see also control spectrum for 
compound (4.12) in section 4.5 spectrum a: in the absence of zn+ ions). 
The addition of ｚｮｾｉＰｾ Ｑ ｴｯ＠ the compound (4.24) caused broadening of the spectrum. The 
vinylic protons on the olefinic bond appeared to continue to show their cis-coupling 
(J 10.0 Hz) and no major shifts in the observed signals occurred. Whilst there is the 
presence of the N-methyl of the closed form at 2.7ppm, also present is the N-methyl of 
the open form at 3.99ppm which can only be explained by interaction of the zn+ ions 
(Spectra a and b) (see also control spectrum for compound (4.12) in section 4.5 spectrum 
a: in the absence of zn+ ions). 
For both systems (4.24) and (4.12), even in the presence of ｚｲｻ｣ｩｏｾｬｴｨ･ｲ･＠ is a mixture of 
the open trans isomer and closed cis isomer which predominates. 
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A Study of compound 4.24 using 1 H nmr to see how 1 equivalent and 5 equivalents of ｺｲＨ｣ＱＰｾ Ｒ＠
effects the compound. Solvent used is CD3CN. 
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A Study of compound 4.12 using 1H nmr to see how 1 equivalent and 5 equivalents of ZnQI04/'2. 
effects the compound. Solvent used is CD3CN. 
(4.12) 
I 
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4.9 nOe studies 
Discussion for steric hindrance at 3'- position of spiropyrans. 
It was observed that from the thermal temperature studies in section 4.5, compound (4.17) 
demonstrated good thermal stability (i.e. no thermal switching occurred even at 410 K) . 
The acid/ base studies in section 4. 7 suggested ring opening of the compound (4.16) and 
the formation of the protonated form as in Scheme 31 (A. max at 420nm, in methanol), 
however UV studies, in methanol for compounds (4.13-4.18) confirm that even after 
irradiation with a UV light source, they fail to form the open (trans) merocyanine form. 
These findings support the work of Guglielmetti and co workers (Figure 27)?1 
Guglielmetti also found the striking feature of lack of the formation of the coloured trans 
isomer, and described it as probably due to steric hindrance. The most stable isomer 
obtained in this case was assigned to the open cis form (t 112 = 3 s, 'A max at 440nm). 
nOe studies were considered with the aim of providing an understanding of the 
conformation of the 3 methyl group. 
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Chapter 5 
Synthesis of the spiroindolopyran and Spiroindolooxazines 
5.1 Introduction 
The title compounds were prepared by a convergent synthesis from two units, as 
shown in Scheme 32. The indolic portion (the LHS) was produced as shown in 
Scheme 33 and the right hand, phenolic, portion as in Scheme 34. 
5.2 The starting ketones 
In order to study the thermal and electronic effects of various substituents a route to 
the substituted indoles was required. This utilised the well-known Fischer indole 
synthesis involving the condensation of the appropriately substituted hydrazine with 
a ketone. The ketones involved are listed in Table 16; apart from cyclohexyl methyl 
ketone, all of them were readily available. 
The synthesis of the simple, unsymmetrical ketone cyclohexylmethylketone proved 
difficult. Several literature methods were attempted, including those reviewed by 
Cason in 194772 for the general preparation of simple ketones. However, low yields 
were encountered in applying most of these methods to the synthesis of 
cyclohexylmethyl ketone. The use of magnesium and cadmium Grignard reagents 
failed as overreaction to form the tertiary alcohols were obtained under a wide range 
of conditions. These results mirror the work of Shirley73 who reported that the use 
of alkyl Grignard reagents with aliphatic acid chlorides gave poor yields (< 30°/o) of 
the ketones. 
A method reported for synthesising ｾＭ｣ｨｬｯｲｯｫ･ｴｯｮ･＠ is illustrated in Scheme 35. 
Schemes 35, 36 and 37 were applied to synthesize the required ketone (5.1 ). 
Initially the cyclohexene was reacted with acetyl chloride using AICI3 as the Friedel 
Craft catalyst.74 
0 
II 
CH3-G-CI 0 
Scheme 35 
0 
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The spiropyran can be prepared by condensation of the appropriate indolenine and 
substituted 2-hydroxybenzaldehyde. 
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The ｾＭ｣ｨｬｯｲｯｫ･ｴｯｮ･＠ (Scheme 35) was obtained after distillation through a Vigreux 
column. 
The reduction of the ｾＭ｣ｨｬｯｲｯｫ･ｴｯｮ･＠ at room temperature, using Raney nickel, 
should have yielded the required ketone (5.1 ),75 however mainly the secondary 
alcohol was obtained (Scheme 36). When the reaction was repeated on a larger 
scale, a mixture of both the required ketone (5.1) and the secondary alcohol were 
obtained. 
0 
[H] (l [H] (l 
• ｾｃｈＳ＠ -----•-----• ｾｃｈＳ＠
0 OH H 
(5.1) 
Scheme 36 
The secondary alcohol in the mixture was oxidised using Jones reagenf6 to produce 
the required ketone (5.1) (Scheme 37). 
[0] 
(5.1) 
Scheme 37 
The first attempt at this reaction, using an excess of the Jones reagent, also failed, 
producing mainly one new product, which was not the reqired ketone. 
1 H nmr examination of this compound showed that it was the acetate ester of 
cyclohexanol (Scheme 38 ); thus a Baeyer-Villiger oxidation had occurred under the 
acid conditions used (Scheme 38). 
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HO OH if Cr03 • 
Scheme 38 
The Baeyer-Villiger reaction was not observed when the alcohol was titrated with a 
stochiometric amount of the Jones reagent (end point shown as colour change from 
orange to green) and the required ketone was then obtained in good yields. 
One other reaction was investigated. This involves the reaction of cyclohexyl 
carboxylic acid with one equivalent of lithium hydride, and one equivalent of 
methyllithium to make to dilithium salt. This salt was treated with acid and the 
required product was obtained as a pale yellow oil, in a one pot synthesis, in 94o/o 
yield (Scheme 39). 
ｯＭ ｾ＠C-OH 0 o- Il + LiH C-Oli CH3Li 
Scheme 39 
5.3 Synthesis of Phenylhydrazones 
When a phenylhydrazine and the appropriate ketone are refluxed in the presence of 
ethanol the required phenyl hydrazone is obtained in high yields (70-90o/o), as in 
Scheme 40. In our hands the use of an acid catalyst was unnecessary. 
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Scheme 40 
Table 16 presents a list of the phenyl hydrazones (5.2 - 5.8) that were synthesised 
as starting materials for the Fisher indole synthesis. 
phenyl ketone hydrazone R1 R2 R3 
hydrazine 
(5.2) 4-nitro-phenyl 3-methyl-2 Isopropyl methyl ｫ･ｴｯｮ･ｾＴｾ＠ N02 CH3 C(CH3 )z 
hydrazine butanone nitro phenyl hydrazone 
(5.3) 4-trifluoromethyl- 3-methyl-2- Isopropyl methyl ｬ＼･ｴｯｮ･ｾＴＭ CF3 CH3 C(CH3 )z 
phenyl hydrazine butanone trifluoromethyl phenyl hydrazone 
(5.4) phenyl hydrazine 3-methyl-2- Isopropyl methyl ketone H CH3 C(CH3 }z 
butanone phenyl hydrazone 
(5.5) phenyl hydrazine 2-methyl-2- Isopropyl ethyl ketone- H C2Hs C(CH3 ) 2 
pentanone phenyl hydrazone 
(5.6) 4-nitro-phenyl 2-methyl-2- Isopropyl ethyl ｫ･ｴｯｮ･ｾＴｾ＠ N02 C2Hs C(CH3 )z 
hydrazine pentanone nitro phenyl hydrazone 
(5.7) phenyl hydrazine cyclohexylmethyl cyclohexylmethyl ketone H CH3 C5H1o 
ketone phenyl hydrazone 
(5.8) 4-trifluoromethyl- cyclohexylmethyl cyclohexylmethyl ketone-4- CF 3 CH3 C5H1o 
phenyl hydrazine ketone trifluoromethyl phenyl hydrazone 
Table 16 
In the nitro series (R1 = N02), the hydrazones were obtained as yellow crystalline 
precipitates. The isopropyl methyl ketone-p-trifluoromethyl phenyl hydrazone was 
obtained as a white solid and all other hydrazones were obtained as pale yellow oils. 
The solids were purified by recrystallisation and the oils by bulb to bulb distillation or 
flash chromatography. Isopropyl ethyl ketone phenyl hydrazone was not prepared in 
an analytically pure state (ca. 96°/o pure) as the compound readily oxidised in air. 
This compound also changes colour from orange/yellow to a deep burgandy red 
within a few hours. 
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5.4 Synthesis of The Indole Ring 
The indoles were made using the Fischer reaction. 
The Fischer Indole Synthesis 
The cyclisation of arylhydrazones to indole rings in acidic media was 
discovered by Fischer in 188377 and is widely known as the Fischer indole 
synthesis. It remains the most versatile and widely applied reaction for the 
formation of the indole ring (Scheme 41 ). 
acid/catalyst 
... 
Scheme 41 
Table 17 lists all the indoles that were synthesised (5.9- 5.15), as the second step 
towards the synthesis of the spiropyrans. 
Indole hydrazone acid/catalyst 3 H Indole R1 R2 R3 
Formed used 
(5.9) (5.2) HCI 2,3,3-trimethyl-5-nitro- N02 CH3 C(CH3h 
3H-indole 
(5.10) (5.3) BF30Et2, AcOH 2,3,3-trimethyl-5- CF3 CH3 C(CH3 h 
trifluoromethyi-3H-
indole 
(5.11) (5.4) HCI 2,3,3-trimethyi-3H- H CH3 C(CH3 ) 2 
indole 
(5.12) (5.5) ZnCI2, AcOH 2-ethyl-3,3-dimethyl- H C2Hs C(CH3)2 
3H-indole 
(5.13) (5.6) ZnCI2, AcOH 2-ethyl-3,3-dimethyl-5- N02 C2Hs C(CH3 )2 
nitro-3H-indole 
(5.14) (5.7) ZnCI2, AcOH 2-methyl-3-spiro H CH3 C5H1o 
cyclohexyi-3H-indole 
(5.15) (5.8) ZnCI2, AcOH 2-methyl-3-spiro CF3 CH3 CsH1o 
cyclohexyl-5-
trifluoromethyi-3H-
indole 
Table 17 
When arylhydrazones are treated with an acid catalyst, elimination of ammonia 
takes place and an indole is formed. 78 Table 17 shows the catalysts that were 
employed to produce the required indoles. Zinc chloride is the catalyst most 
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frequently employed, but other metal halides, proton acids and Lewis acids, have all 
been used. 
The mechanism of this cyclisation has been the subject of several elegant studies 
but some of the explanations proposed at different times for this reaction79 have 
failed to pass the experimental tests. The mechanism originally proposed by 
Robinson and Robinson, 80 as reformulated by Carlin and Fisher81 and others,82 has 
obtained wide acceptance. The key step of the mechanism is a [3,3] sigmatropic 
rearrangement80 also known as the Plancher Rearrangement (Scheme 42). 
R' d?R I ｣ｩ､ｾ［ｒ＠CH2 /R H+ Q Ｇｾ＠ II .. NH N ｾ＠ .. 
ｾ＠ ｾｎｈ＠ NH NH (3) 
(1) (2) 1 H+ 
R' ｾｒ＠W-R - NH3 ｯＨＨｩｾｒ＠.. -H+ ｾ＠ ｾｈｺＫ＠I / , NH2 
H H H NH2 
(5) (4) 
Scheme 42 
There is evidence for this mechanism, for example, 
a. The isolation of ( 1), 83 
b. The detection of (2), by 13C and 15N nmr,84 
c. The isolation of side products that could have only of come from (3),85 
d. 15N labelling experiments that show that it was the nitrogen furthest away from 
the ring that was eliminated as ammonia.86 
The main function of the catalyst seems to speed the conversion of (1) to (2). The 
reaction indeed can be performed without a catalyst. 87 Two recent review articles88 
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have summarised the extensive experimental evidence supporting this mechanism. 
The direction of cyclisation of the enamine, to form the product indole is important in 
determining which isomer is obtained. This literature89 aided in the set up of an 
experiment to study the control the direction of cyclisation. Table 18 lists the 
isomers that were obtained using the three ketones under different experimetal 
conditions (using different acid catalysts). 
Ketone used 
vs 
Acid catalyst used 
HCI R 
Acetic acid I 
Ethanol 
ZnCI2 I Acetic acid R1 
o:c 
mainly 
R1 
Mainly 
R1 
Table 18: The required 3, 3-substituted indoles have been emphasised. 
The direction of this cyclisation for unsymmetrically substituted hydrazones has been 
the subject of several studies88"90 (see also Scheme 43). This direction can be 
controlled by the appropriate choice of catalyst. In our work we required the 3,3 
substituted indoles, emphasised in Table 18. 
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ｾ＠R1"(fu'U I ｾｎＭｈ＠ｾ＠ NH 
ｒＱｵｾ＠ ｾ＠ I <:N-H 
NH 
HCI 
R1 
... 
HCI R1 
... 
ZnCI2 I AcOH 
• 
HCI 
(5.11) 
(5.12) 
(5.14) 
The vinyl hydrazines (enamines, where R1 =H) that are required to be formed, for the three types of 
system are shown above(left) in order to cyclise to the appropriate indole (right). 
Scheme 43 
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The mechanism of the formation of the hydrazone to the cyclised product is fully 
established as the Fischer indole synthesis90 but why should acetic acid and ethanol 
aid formation of one isomer whilst the presence of zinc chloride produce the other 
isomer ? Our observed results obtained are in support of the conclusions of R. Lyle 
and L.Skarlos.91 They argued that the direction of cyclisation depends on which of 
the vinylhydrazones is formed and that once formed, these can cyclise to the 
appropriate indole. Equilibration between the two vinyl hydrazones being possible 
under thermodynamic controlled conditions, the isomer formed depends on the 
nature of the catalyst used to effect the hydrazone- vinyl hydrazine tautomerisation 
and the steric size and structure of the substituents (Scheme 43) . 
In the case of methyl cyclohexyl phenylhydrazone (Scheme 43), Lyle and Skarlos 
considered the direction of cyclisation to be related to the stabilities of the transition 
states leading to the two products. They proposed that for the formation of the 3H-
-indole the transition state requires the approach of the phenyl ring to the n-lobes 
of the double bond (Figure 28). 
s ( H 
H 
Figure 28 
The initial model below ｾｨ｡ｷｳ＠ that approach from one side is hindered by the axial 
hydrogens at positions 2 and 6 (Figure 29). 
c=J=Ph 
Figure 29 
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and from the other side, hindered by the 3-and 5-axial hydrogens (Figure 30). 
------- -CH3 
c=J=Ph Ｅｾ＠
Figure 30 
Where the nitrogen substituent A is a proton, for example either from PPA or HCI, 
the transition states derived from the above two models, leading to 3H-indole, are 
more hindered than the transition state to the indole derived from the isomeric 
tautomer Figure 31. 
Figure 31 
Zinc chloride acts as a bulky Lewis acid and of the possible transition states, those 
defined in Figures 29 and 30 overcome the steric interference of the phenyl group 
and the cyclohexyl group and therefore leads to the formation of 3H indoles. 
This steric argument can also be applied to the situation where R2 =C2H5 and R3= 
C(CH 3 h (Figure 32). The zinc chloride is a bulky group compared to a proton 
which may therefore be complexing with the hydrazone (enamine) and sterically 
hindering the unwanted cyclisation. 
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ｑ ｾ＠ N Ni4' 
ENAMINE 
Figure 32 
Note that, from Table 18, the steric arguments fall down when considering the 
observed cyclisation ketones from the smaller methyl isopropyl ketone. 
2-Ethyl-3,3-dimethyl indole can be prepared by using zinc chloride and acetic acid 
as the catalyst and the reaction is carried out under a blanket of nitrogen. When the 
reaction is repeated on a larger scale and carried out in air, neither of the isomers 
are obtained, instead 2-acyl-3,3-dimethylindole (5.16) is obtained (Scheme 44). 
(5.16) 
Scheme 44 
5.5 N-;Aikylations of the 3H In doles 
The required salts obtained (5.17- 5.30) are listed in Table 19. These were 
obtained by different alkylations of the 3H indoles (Scheme 45). 
RX 
Where RX= a/ky/ating agent 
Scheme 45 
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3-H Indole R4X Salt R1 R2 R3 
used (alkylating 
agent) 
(5.17) (5.12) CH3S03CF3 2-ethyl-1 ,3,3- H C2Hs C(CH3h 
trimethyl-indolium 
triflate 
(5.18) (5.13) CH3S03CF3 2-ethyl-1 ,3,3- N02 C2Hs C(CH3h 
trimethyl-5-nitro _ 
indolium triflate 
-
(5.14) (CH30hS02 X H CH3 C6H10 
(5.19) (5.14) CH3S03CF3 1 ,2-dimethyl-3- H CH3 C6H10 
spirocyclohexyl 
indolium triflate 
(5.20) (5.15) CH3S03CF3 1 ,2-dimethyl-3- CF3 CH3 C6H10 
spirocyclohexyl-5-
trifluoromethyl-
indolium triflate 
(5.21) (5.12) CH31 X H C2Hs C(CH3h 
(5.22) (5.9) CH31 1,2,3,3-tetra N02 CH3 C(CH3h 
methyl-5-nitro-
indolium iodide 
(5.23) (5.10) CH31 1 ,2,3,3- CF3 CH3 C(CH3 )2 
tetramethyl-5-
trifluoromethyl -
indolium iodide 
(5.24) (5.11) C3H7I 1-propyl-2,3,3- H CH3 C(CH3h 
trimethyl-indolium 
iodide 
(5.25) (5.11) C6H131 1-hexyl-2,3,3- H CH3 C(CH3)2 
trimethyl-indolium 
iodide 
-
(5.12) (CH 30)2SD2 X H C2Hs C(CH3h 
(5.26) (5.14) C3H71 2-methyl-1-propyl- H CH3 C5H1o 
3-spi rocyclohexyl 
indolium iodide 
(5.27) (5.14) C4Hsl 1-Butyl-2-methy-3- H CH3 C6H10 
spirocyclohexyl 
indolium iodide 
(5.28) (5.14) C6H131 1-hexyl-2-methyl- H CH3 C6H10 
3-spirocyclohexyl 
indolium iodide 
(5.29) (5.14) C7H1sl 1-heptyl-2-methyl - H CH3 C6H10 
3-spirocyclohexyl 
indolium iodide 
-
(5.14) C1oH21Br X H CH3 C6H10 
(5.30) (5.16) CH31 2-acyl-1,33 H CH3 C(CH3 )2 
trimethylindolium 
iodide 
Table 19 
X- reaction did not work, required product not obtained. 
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The iodide salts were obtained by refluxing the indole in the appropriate neat alkyl 
iodide, for 24 h in the case of methyl iodide but longer when using propyl iodide, 
butyl iodide, hexyl iodide or heptyl iodide. The products range from flaky deep 
red/black powder to gums and a deep red glassy oil, as when using heptyl iodide. 
The longer the alkyl chain, the more gum-like the product and the lower the yield 
obtained. Alkylations using methyl triflate, were carried out in the solvents diethyl 
ether and hexane. Initially the indole is dissolved in diethyl ether, and one equivalent 
of the alkylating agent was added. After a few minutes the addition of hexane 
instantly precipitates the required salt in high yields. An attempted N-alkylation 
using decyl bromide on the indoles failed. 
5.6 Synthesis of the lndolenines 
In general the indolenines (5.31 - 5.36) were freshly prepared and isolated before 
carrying out any condensations. The N-alkylated 3-H indole salts were dissolved in 
a miniumum amount of 40 o/o sodium hydroxide solution (pH 9-1 0), and the reaction 
stirred for 5 minutes before ether was added. The ether layer was separated from 
the water. The enamine is isolated as a yellow/orange oil, which deepens in colour 
on standing (Scheme 46). 
NaOH 
Scheme 46 
These enamines are known to be readily autoxidised and therefore the 
condensations were carried out after immediately after preparation. Table 20 shows 
all the enamines that were isolated. 
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Salt indolenine (enamine) R1 R2 R3 
* - 1,3,3-trimethyl-2-methylene H CH2 C(CH3h 
indolenine 
(5.31) (5.22) 1 ,3,3-trimethyl-5-nitro-2- N02 CH2 C(CH3 )2 
methylene indolenine 
(5.32) (5.23) 1,3,3-trimethyl-5-trifluoromethyl - CF3 CH2 C(CH3 h 
2-methylene indolenine 
* (5.24) 1-propyl-3,3-dimethyl-2- H CH2 C(CH3 ) 2 
methylene indolenine 
* (5.25) 1-hexyl-3,3-dimethyl-2-methylene H CH2 C(CH3 ) 2 
indolenine 
(5.33) (5.17) 1 ,3,3-trimethyl-2-ethylene H C2H4 C(CH3 h 
indolenine 
* (5.18) 1,3,3-trimethyl-5-nitro -2-ethylene N02 C2H4 C(CH3 )2 
indolenine 
(5.34) (5.19) 1-methyl-3-spirocyclohexyl-2- H CH2 CsH1o 
methylene indolenine 
(5.35) (5.20) 1-methyl-3-spirocyclohexyl-5-
trifluoromethyl-2-methylene 
CF3 CH2 CsH1o 
indolenine 
(5.36) (5.26) 1-propyl-3-spirocyclohexyl-2- H CH2 CsH1o 
methylene indolenine 
* (5.27) 1-butyl-3-spirocyclohexyl-2- H CH2 CsH10 
methylene indolenine 
* (5.28) 1-hexyl-3-spirocyclohexyl-2- H CH2 CsH10 
methylene indolenine 
* (5.29) 1-heptyl-3-spirocyclohexyl-2- H CH2 CsH10 
methylene indolenine 
Where R4= N-alkyl X Table 20 
* =compound was isolated, but not characterised, a= compound commercially available. 
5. 7 RHS OF SYNTHESIS 
Table 21 lists all the products (5.37 ... 5.41) that were prepared for the right hand side 
of the convergent synthesis. 
starting material reagents/ aldehyde formed ref 
reaction type 
(5.37) 4-nitro-phenol PPA, CsH12N4 2-hydroxy-5- 92 
Duff reaction nitro benzaldehyde 
(5.38) (5.37) CICH20CH3 3-chloromethyl-2- 93 
Friedel Crafts hydroxy-5-
nitrobenzaldehyde 
(5.39) (5.38) 1-aza-12-crown-4 2-hydroxy-3-( (N-aza- 67 
nucleophilic 12-crown-4) 5-nitro 
benzaldehyde 
(5.40) (5.37) H2S04, HN03 3, 5-dinitro-2 -hydroxy 94 
Nitration benzaldehyde 
(5.41) 3-methoxy-2- H2S04, HN03 3-methoxy-2- 95 
hydroxy Nitration hydroxy-5-nitro-
benzaldehyde benzaldehyde 
-·-· --
Table 21 
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5.8 Fi.nal condensation step: synthesis of the spiropyran 
Scheme 47 illustrates the general condensation reaction between an enamine and 
an aldehyde to produce a spiropyran. 
EtOH 
Scheme 47 
5.8.1 The known spiropyrans 
Table 22 lists all the known spiropyrans that were synthesised (4.1 - 4.12). These 
were mainly used as model spiropyrans to analyse electronic substituent effects on 
the position of photodynamic reversibility and as control substances for studying 
chelating properties of their photoisomers in order to allow comparison with the other 
systems made. 
lndolenine aldehyde spiro R1 R2 Ra R4 Rs Rs R7 
Used compound 
(4.1) 1,3,3- 1-hydroxy 1'-H-3',3'- H CH2 C(CH3 )2 H H H H 
trimethyl-2- benzaldehyde dimethylspiro-
methylene [2H-1-
indolenine benzopyran-2,2'-indoline] 
(4.2) 1,3,3- 1-hydroxy 1',3',3'- H CH2 C(CH3 )2 CH3 H H H 
trimethyl-2- benzaldehyde trimethylspiro-
methylene [2H-1-
indolenine benzopyran-2,2'-indoline] 
(4.3) 1,3,3- (5.37) 6-nitro-1',3',3'- H CH2 C(CH3 )2 CH3 N02 H H 
trimethyl-2- trimethylspiro-
methylene [2H-1-
indolenine benzopyran-2,2'-indoline] 
(4.4) 1,3,3- 4-diethyl 7 -diethylamine- H CH2 C(CH3 )2 CH3 NEt2 H H 
trimethyl-2- amino-salicyl 1',3',3'-
methylene aldehyde trimethylspiro-
indolenine [2H-1-benzopyran-2,2'-
indoline] 
(4.5) 1,3,3- (5.40) 6,8-dinitro- H CH2 C(CH3 )2 CH3 N02 N02 H 
trimethyl-2- 1',3',3'-
methylene trimethylspiro-
indolenine [2H-1-benzopyran-2,2'-
indoline] 
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(4.6) 1,3,3- 3-methoxy-2- 8-methoxy- H CH2 C(CH3 )2 CH3 H OCH3 H 
trimethyl-2- hydroxy 1',3',3'-
methylene benzaldehyde trimethylspiro-
indolenine [2H-1-benzopyran-2,2'-
indoline] 
(4.7) 1,3,3- (5.41) 8-methoxy-6- H CH2 C(CH3 )2 CH3 N02 OCH3 H 
trimethyl-2- nitro-1',3',3'-
methylene trimethylspiro-
indolenine [2H-1-benzopyran-2,2' 
- indoline] 
(4.8) (5.31) (5.37) 5' ,6-dinitro- N02 CH2 C(CH3 )2 CH3 NOz H H 
1',3',3'-
trimethylspiro-
[2H-1-
benzopyran-2,2'-
indoline} 
(4.9) (5.31) 1-hydroxy 5'-nitro-1',3' ,3'- N02 CH2 C(CH3 )z CH3 H H H 
benzaldehyde trimethylspiro-
[2H-1-
benzopyran-2,2'-
indoline} 
(4.10) (5.32) 1-hydroxy 5'- CF3 CH2 C(CH3 )2 CH3 H H H 
benzaldehyde trifluoromethyl-
1',3',3'-
trimethylspiro-
[2H-1-
benzopyran-2,2' 
- indoline] 
(4.11) (5.32) (5.37) 6-nitro-5'- CF3 CH2 C(CH3 )2 CH3 NOz H H 
trifluoromethyl-
1',3',3'-
trimethylspiro-
[2H-1-
benzopyran-2,2'-
indo line] 
(4.12) (5.32) 3-methoxy-2- 8-methoxy- CF3 CH2 C(CH3 )2 CH3 H OCH3 H 
hydroxy 5'trifluoromethyl-
benzaldehyde 1',3',3'-
trimethylspiro-
[2H-1-
benzopyran-2,2'-
indoline] 
Table 22 
5.8.2 The new sterically hindered spiropyrans 
Thermal equilibration of most of the known systems (section 5.8.1) was observed 
and therefore the energy barriers between the various photo isomers were not large 
enough. Table 23 lists the sterically hindered systems (4.13-4.32) prepared with the 
intention of raising the thermal energy barrier i.e. increasing the energy of the 
process. 
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Enamine aldehyde spiro R1 R2 R3 R4 Rs Rs R7 
compound 
{4.13) (5.33) 1-hydroxy 1',3',3',3- H CHCH3 C(CH3 )2 CH3 H H CH3 
benzaldehyde tetramethylspiro-
[2H-1-benzopyran-2, 
2' - indoline] 
(4.14) (5.33) (5.37) 6-nitro-1 ',3',3',3- H CHCH3 C(CH3 )2 CH3 N02 H CH3 
tetramethylspiro-
[2H-1-benzopyran-2, 
2' - indoline] 
(4.15) (5.33) 3-methoxy-2- 8-methoxy-1',3',3',3- H CHCH3 C(CH3 )2 CH3 H OCH3 CH3 
hydroxy tetramethylspiro-
benzaldehyde [2H-1-benzopyran-2, 
2' - indoline] 
(4.16) (5.33) (5.41) 8-methoxy-6-nitro- H 
1',3',3',3-
CHCH3 C(CH3 )2 CH3 N02 OCH3 CH3 
tetramethylspiro-
[2H-1-benzopyran-2, 
2' - indoline] 
(4.17) (5.33) (5.40) 6,8-dinitro-1',3',3',3- H CHCH3 C(CH3 )2 CH3 N02 N02 CH3 
tetramethylspiro-
[2H-1-benzopyran-2, 
2'- indoline] 
(4.18) (5.31) (5.37) 5',6-dinitro-1',3',3',3- N02 CHCH3 C(CH3 )2 CH3 N02 H CH3 
tetramethylspiro-
[2H-1-benzopyran-2, 
2' - indoline] 
(4.19) (5.34) 1-hydroxy 1'-methyl-3'- H CH2 CsH1o CH3 H H H benzaldehyde spirocyclohexylspiro-
[2H-1-benzopyran-2, 
2' -indoline] 
(4.20) (5.34) (5.37) 1'-methyl-6-nitro-3'- H CH2 CsH1o CH3 N02 H H 
spirocyclohexylspiro-
[2H-1-benzopyran-2, 
2' -indoline] 
(4.21) (5.34) 3-methoxy-2- 1'-methyl-8- H CH2 CsH1o CH3 H OCH3 H 
hydroxy methoxy-3'-
benzaldehyde spirocyclohexylspiro-
[2H-1-benzopyran-2, 
2' -indoline] 
(5.22) (5.34) (5.41) 1'-methyl-8- H 
methoxy-6-nitro-3'-
CH2 CsH1o CH3 N02 OCH3 H 
spirocyclohexylspiro-
[2H-1-benzopyran-2, 
2' -indoline] 
(5.23) (5.34) (5.40) 1'-methyl-6,8-dinitro- H 
3'-
CH2 CsH1o CH3 N02 N02 H 
spirocyclohexylspiro-
[2H-1-benzopyran-2, 
2'- indoline] 
(4.24) (5.35) 3-methoxy-2- 1'-methyl-8- CF3 CH2 CsH1o CH3 H OCH3 H 
hydroxy methoxy-5'-
benzaldehyde trifluoromethyl-3'-
spirocyclohexylspiro-
[2H-1-benzopyran-2, 
2' -indoline] 
(4.25) (5.36) 1-hydroxy 1'-propyl-3'- H CH2 CsH1o C3H7 H H H 
benzaldehyde spirocyclohexylspiro-
[2 H-1-benzopyran-2, 
2' -indoline] 
(4.26) 1-butyl-3- 1-hydroxy 1'-propyl-3'- H CH2 CsH10 C4H9 H H H 
spirocyclo benzaldehyde spirocyclohexylspiro-
hexyl-2- [2H-1-benzopyran-2, 
methylene 2' -indoline] 
indolenine 
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(4.27) 3- 1-hydroxy 1 '-hexyl-3'- H CH2 CsH1o C5H13 H H 
spirocyclo benzaldehyde spirocyclohexylspiro-
hexyl-1- [2H-1-benzopyran-2, 
hexyl-2- 2'- indoline] 
methylene 
indolenine 
(4.28) 3- 1-hydroxy 1 '-heptyl-3'- H CH2 CsH10 C7H15 H H 
spirocyclo benzaldehyde spirocyclohexylspiro-
hexyl-1- [2H-1-benzopyran-2, 
heptyl-2- 2' -indoline] 
methylene 
indolenine 
(4.29) (5.36) (5.37) 6-nitro-1 '-propyl-3'- H CH2 CsH1o C3H7 N02 H 
spirocyclohexylspiro-
[2H-1-benzopyran-2, 
2' -indoline] 
(4.30) 3- spiro (5.37) 1 '-hexyl-6-nitro-3'- H CH2 CsH10 C5H13 N02 H 
eye to spirocyclohexylspiro-
hexyl-1- [2H-1-benzopyran-2, 
hexyl-2- 2' -indoline] 
methylene 
indolenine 
(4.31) 1-propyl- (5.37) 6-nitro-1 '-propyl- H CH2 C(CH3 )2 C3H7 N02 H 
* 
3,3- 3' ,3'-dimethylspiro-
dimethyl- [2H-1-benzopyran-2, 
2- 2' -indoline] 
methylene 
indolenine 
(4.32) 1-hexyl- (5.37) 1 '-hexyl-6-nitro-3' ,3'- H CH2 C(CH3 )2 C5H13 N02 H 
* 
3,3- dimethylspiro-[2H-1-
dimethyl- benzopyran-2,2' -
2- indo line] 
methylene 
indolenine 
* = Known reference compounds synthestsed 
Table 23 
5.8.3 Synthesis of the spirooxazines 
Scheme 48 represents the synthesis of the spirooxazines. This system is generally 
known to be fatigue resistant. 
NO HOto 
Scheme 48 
Table 24 lists a known spirooxazine (4.33) and two new spirooxazines (4.34 and 
4.35) that were prepared. 
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H 
H 
H 
H 
H 
H 
enamine 
naphthol spiro R1 R2 Ra R4 R7 compound 
(4.33) 1,3,3-trimethyl-2- 1-nitroso-2- 1,3-Dihydro 1',3',3'- H CH2 C(CH3 )2 CH3 H 
methylene naphthol trimethylspiro[2H-
indolenine indole-2,3'-[3H]naphth[2, 1-
b][1 ,4]oxazine] 
(4.34) (5.33) 1-nitroso-2- 1,3-Dihydro 1',3',3',3- H C2H5 C(CH3 )2 CH3 CH3 
naphthol tetramethylspiro[2H-
indole-2,3'-
[3H]naphth[2,1-
b][1 ,4)oxazine] 
(4.35) (5.34) 1-nitroso-2- 1,3-Dihydro 1-methyl- H CH3 C6H1o CH3 H 
naphthol 3-cyclohexylspiro[2H-
indole-2,3'-
[3H)naphth[2,1-
b][1,4]oxazine 
Table 24 
5.8.4 The crowned spiropyrans 
Table 25 lists the crowned spiropyrans that were prepared (4.36 - 4.38) (Scheme 
47). These spiropyran derivatives were used to act as hosts and demonstrate the 
transportation of metal ions, through a membrane under photochemical control. 
enamine aldehyde Spiro R1 R2 Ra R4 Rs R 
Compound 6 
1,3,3- 6-nitro-1',3',3'-trimethyl- H CH2 C(CH3 )2 CH3 N02 
(4.36) trimethyl-2- (5.39) 8-[1 0-(1,4, 7 -trioxa-1 0-
methylene azacyclododecyl)methyl] 
* indolenine spiro[2'H 1-benzopyran-
2,2'- indoline] 
5',6-dinitro-1',3' ,3'- N02 CH2 C(CH3 )2 CH3 N02 
(4.37) (5.39) trimethyl-8-[10-(1 ,4,7-
(5.31) trioxa-10-
* azacyclododecyl)methyl] 
spiro[2'H 1-benzopyran-
2,2'- indoline] 
(4.38) (5.32) 6-nitro-5'-trifluoromethyl- CF3 CH2 C(CH3 )2 CH3 N02 
(5.39) 1',3',3'-trimethyl -8-[1 0-
( 1 ,4, 7 -trioxa-1 0-
* azacyclododecyl)methyl] 
spiro[2'H 1-benzopyran-
2,2'- indoline] 
*R5= 1-aza-12-crown-4 Table 25 
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Chapter 6 
Conclusions 
The study has confirmed the main objective of the project by demonstration 
that, by use of electronic effects, one can adjust the photoequilibrium between 
the open and closed forms of the spirobenzopyrans. These electronic 'fine 
tuning' adjustments are essential in order to offset the tendency for metal ions 
to catalyse formation of the merocyanine form when the starting 
spirobenzopyrans incorporate a metal-binding function. 
Spirobenzopyran derivatives carrying a monoazacrown moiety, such as 12-
crown-4, moieties, at the 8-position have been synthesized. Alkali metal ion 
complexation by the crowned spirobenzopyrans, followed by isomerisation to 
the corresponding merocyanine form and their photoisomerization, have been 
studied by cation extraction, absorption spectroscopy, and 1Hnmr spectroscopy. 
Binding of alkali and alkaline earth metal ions (Li+, Na+, Ca2+, Mg2+ and Ba2+) by 
the crown moieties leads to isomerization of the crowned spirobenzopyrans 
even under dark conditions. UV-Iight irradiation in methanol further promotes 
the isomerization to the merocyanine form, the thermal stability of which 
depends significantly not only on the ion selectivities of their crown moieties but 
also on the ease of the intramolecular interaction between the crown-
complexed metal ion and the phenolate anion. Under visible-light irradiation, 
the cation-bound merocyanine form readily reverts to the spiropyran form, 
releasing the metal ions to some extent. Alternating irradiation with UV and 
visible light, or turning-on and -off of visible light, therefore, causes the 
isomerization of crowned spirobenzopyrans even in the presence of alkali metal 
ions, in turn affording control of their cation-complexing abilities. 
Since spirobenzopyran derivatives undergo reversible isomerization to the 
corresponding zwitterionic merocyanine form, extensive studies have been 
devoted to their applications to photochemical control of physical properties in 
ＭＭＭＭＭＭＭＭＭＭＭＭｾＭｾＭＭＭＭＭＭＭＭＭＭｾＭＭＭＭＭ Ｍ ＭＭ --- --- --
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solution. The examples are in photocontrol of membrane transport. A 
demonstration that the photoreversible chelating agent can be used to transport 
ions through a membrane (using an organic solvent) under photochemical 
control has been made. This has now proved that the effects that are observed 
are real chelating/ unchelating effects and not just salt effects. Further studies 
could include attempting to quantify the binding constants of these 
photoreversible chelating agents for the metal ions. 
Thermal equilibration of the systems was observed and there was a need for 
development of systems with larger energy barriers between the various 
photoisomers, therefore sterically restricted photochromic systems were 
examined, to get an understanding of the influence of substituents on the ease 
of ring closing and opening. The dark reaction is considered important in 
designing switchable metal chelating agents, as previously shown. 
The main requirements of thermal stability, low fatigue (being able to be cycled 
many times without loss of performance), high sensitivity and non-destructive 
readout capability are still currently being explored with regard to photochromic 
materials. In this thesis reference is made to the importance of the search for a 
thermally stable material, where thermal stability of both isomers exists. 
Thermal stability was attempted to be attained by the introduction of: 
1) The introduction of a methyl group in the 3 position and which, surprisingly, 
caused a major perturbation in the photochromic properties of these molecules. 
A very large thermal barrier to ring opening (a decrease in the stability of the 
photomerocyanine) was apparent and no visible photochromic properties we f€ 
observed. 
2) The replacement of the gem dimethyl groups in the 3•position of the indole 
part of the spiropyran molecule with the cyclohexyl group increased the thermal 
ｾ ﾷ ﾷﾷ＠ (" ,. 
127 
barrier for the forward process of colouration and subsequently decreased the 
thermal barrier for the reverse decolouration process. 
3) Extra hindrance on the cyclohexyl series was also considered by introduction 
of the N-alkyl instead of the N-methyl substituent on the spiropyran molecule. 
The presence of the alkyl chain increased the thermal barrier for the forward 
process of colouration and subsequently decreased the thermal barrier for the 
reverse decolouration process. 
The relationship between molecular structure or substituents and the 
spectrokinetics of the investigated spiropyran photoconversion and chelation, 
have allowed a better understanding of the role of different structural 
parameters (and also of solvents) on the electronic distribution of the 
photomerocyanine and chelation properties. 
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Chapter 7 
EXPERIMENTAL 
Materials and Methods 
The following abbreviations have been used in the experimental section: CDCI3 
(deuterated chloroform); DMSO (dimethyl sulphoxide); CH 3 1 (methyl iodide); THF 
(tetrahydrofuran); ether refers to diethyl ether; 1,1 ,2,2-TCE (1, 1 ,2,2-
tetrachloroethane), and DCM (dichloromethane). 
Melting points were measured by using an Electrothermal digital apparatus and 
are uncorrected. Infrared spectra were recorded on a Perkin Elmer 1420 Ratio 
Recording spectrophotometer as KBr discs, Nujol or CHCI3 films in the range of 
600-4000cm·1. 
1H nuclear magnetic resonance (nmr) spectra were recorded on a Varian CFT-20 
(90 MHz), Bruker AXLx 200, (200 MHz), AM 300MHz or 360MHz nmr 
spectrometers. Resonances are reported as (frequency; solvent); chemical shifts 
in ppm from tetramethylsilane at 0 ppm and the multiplicity of signals as s, 
singlet; d, doublet; dd, double doublet; q quartet; t, triplet; m, multiplet; br, broad; 
J values are in Hz. 
Low resolution electron impact mass spectra were obtained using an AEI MS902 
spectrometer and ionisation potential of 70 eV, using a direct insertion probe or 
septum inlet. 
Microanalyses were performed by MEDAC Ltd, Brunei Science Centre, Egham, 
Surrey, U.K., and accurate mass measurements by the EPSRC, mass 
spectrometry service at the University of Wales, Swansea. Physical parameters 
on products are tabulated (Tables 26 and 27). 
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General procedure for the condensation reaction of indolenines and the 
corresponding aldehydes. 
The aldehyde and indolenine were dissolved in ethanol and the resulting solution 
heated under reflux for several hours, until disappearance of the starting 
materials was observed by TLC (DCM solvent system used for monitoring, silica 
gel GF 240). The reaction was then allowed to cool overnight. The solvent was 
then removed under reduced pressure, during which time a crystalline product 
was obtained. Recrystallisation was generally effected by using ethanol. 
1 '-H-3' ,3' -Dimethylspiro-[2H-1-benzopyran-2,2'-indoline] (4.1) 
1-H-3,3-Dimethyl-2-methylene indolenine (3.48 g, 22mmol) was added to 2-
hydroxy-benzaldehyde (2.44 g, 20mmol) in ethanol (1 Ocm3) and heated under 
reflux for 24 h. The title compound was obtained as pale yellow crystals (2.43 g, 
44%). 
1 ',3' ,3'-Trimethylspiro-[2H-1-benzopyran-2,2' -indoline] (4.2) 
1,3,3-Trimethyl-2-methylene indolenine (2.00 g, 11.5mmol) was added to 2-
hydroxybenzaldehyde (1.40 g, 11.5mmol) and the solution heated to reflux in 
ethanol (75 cm3) for 8 h. The title compound was obtained as a pale pink 
crystalline solid (2.08 g, 65o/o). 
6-Nitro-1 ',3' ,3'-trimethylspiro-[2H-1-benzopyran-2,2'-indoline] (4.3) 
1,3,3-Trimethyl-2-methylene indolenine (2.50 g, 14.4mmol) was added to a 
solution of 2-hydroxy-5-nitrobenzaldehyde (5.37) (2.42 g, 14.4mmol) in ethanol 
(75 cm3) and heated to reflux for 8 h. The title compound was isolated as golden 
yellow crystals (4.13 g, 89 °/o). 
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7 -Diethylamino-1 ',3' ,3'-trimethylspiro-[2H-1-benzopyran-2,2'-indoline] (4.4) 
1 ,3,3-Trimethyl-2-methylene indolenine (5.00 g, 28.7rnmol) was added to a 
solution of 4-diethylaminosalicylaldehyde (5. 55 g, 28.7mmol) in ethanol (125 
cm3) and the solution heated to reflux for 6 h. The title compound was isolated 
as a white crystalline solid ( 4.37 g, 44o/o). 
6,8-Dinitro-1 ',3' ,3'-trimethylspiro-[2H-1-benzopyran-2,2' -indoline] (4.5) 
2-Hydroxy-3,5-dinitrobenzaldehyde (5.40) (0.20g, 0.94mmol) and 1 ,3,3-trimethyl-
2-methylene indolenine (0.16 g, 0.92mmol) were dissolved in ethanol (1 0 cm3), 
and the resulting solution heated under reflux for 24 h. The title compound was 
obtained as a bottle green crystalline fine solid (0.22g, 63°/o). 
8-Methoxy-1 ',3' ,3'-trimethylspiro-[2H-1-benzopyran-2,2'-indoline] (4.6) 
2-Hydroxy-3-methoxy-benzaldehyde (0.98 g, 5.66mmol) and 1 ,3,3-trimethyl-2-
methylene indolenine (0.68 g, 5.66mmol) were dissolved in ethanol (20 cm3), and 
the resulting solution heated under reflux for 24 h. The title compound was 
obtained as a beige coloured solid (0.90g, 52o/o). 
8-Methoxy-6-nitro-1 ',3' ,3'-trimethylspiro-[2H-1-benzopyran-2,2' -indoline] 
(4.7) 
2-Hydroxy-3-methoxy-5-nitrobenzaldehyde (5.41) (0.40 g, 2.03 mmol) and 1 ,3,3-
trimethyl-2-methylene indolenine (0.35 g, 2.02mmol) were dissolved in ethanol 
(1 0 cm3) and the resulting solution heated under reflux for 8 h. The title 
compound was obtained as a pink powder (0.42 g, 59°/o). 
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5' ,6-Dinitro-1 ',3' ,3'-trimethylspiro-[2H-1-benzopyran-2,2'-indoline] (4.8) 
1,3,3-Trimethyl-5-nitro-2-methylene indolenine (5.31) (0.20 g, 0.917mmol) was 
added to a solution of 2-hydroxy-5-nitrobenzaldehydehe (5.37) (0.153 g, 
0.917mmol) in propanol (1 0 cm3) and refluxed for 42 h. The title compound was 
obtained as yellow crystals (0.11 g, 33o/o). 
5'-Nitro-1 ',3' ,3' -trimethylspiro-[2H-1-benzopyran-2,2'-indoline] (4.9) 
1 ,3,3-Trimethyl-5-nitro-2-methylene indolenine (5.31) (0.20 g, 0.917mmol) was 
added to a suspension of 2-hydroxybenzaldehyde (0.153 g, 0.917mmol) in 
propanol (1 0 cm3) and refluxed for 48 h. The title compound was obtained as 
yellow crystals (0.21 g, 71 °/o). 
5'-Trifluoromethyl-1',3',3'-trimethylspiro-[2H-1-benzopyran-2,2'-indoline] 
(4.10) 
1 ,2,3,3-Tetramethyl-5-trifluoromethyl indolium iodide (5.23) (0.20 g, 0.55 mmol) 
was dissolved in 40°/o sodium hydroxide (1 0 cm3) solution and ether (15 cm3). 
The reaction was then stirred for 3 h. The ether layer was separated from the 
reaction mixture, dried (anhydrous sodium sulphate) and evaporated under 
reduced pressure. The yellow oil was isolated (5.32) (0.13 g, 0.54 mmol) and 
added to 2-hydroxybenzaldehyde (0.07 g, 0.57 mmol) in propanol (0.5 cm3) 
using a pressure equalising funnel over a period of 1 h. The title compound was 
obtained as a yellow powder (0.14 g, 77°/o). 
6-Nitro-5'-trifluoromethyl-1 ',3' ,3'-trimethylspiro-[2H-1-benzopyran-2,2'-
indoline] (4.11) 
1,2,3,3-Tetramethyl-5-trifluoromethyl indolium iodide (5.23) (0.23 g, 6.23x1 o-1 
mmol) was dissolved in 40o/o sodium hydroxide solution (5 cm3) and ether (15 
cm3). The reaction was then stirred for 3 h. The ether layer was separated from 
the reaction mixture, dried (anhydrous sodium sulphate) and evaporated under 
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reduced pressure. The yellow/orange oil was isolated (5.32) (0.15 g, 0.62 
mmol) and added to 2-hydroxy-5-nitrobenzaldehyde (5.37) (0.1 g, 0.6 mmol) in 
propanol (5 cm3) using a pressure equalising funnel, over a period of 0.5 h. The 
solution was then allowed to reflux overnight. The title compound was obtained 
as yellow/orange crystals (0.15 g, 65%). 
8-Methoxy-5'trifluoromethyl-1 ',3' ,3'-trimethylspiro-[2H-1-benzopyran-2,2'-
indoline] (4.12) 
1 ,3,3-Trimethyl-5-trifluoromethyl-2-methylene indolenine (5.32) (0.47 g, 0.20 
mmol) was dissolved in ethanol (1 0 cm3), then added to 2-hydroxy-3-methoxy-
benzaldehyde (0.30g, 0.20 mmol) in ethanol (1 0 cm3) , and the resulting solution 
heated under reflux for 24 h. The title compound was obtained as a tan 
coloured precipitate (0.41g, 68%). 
1 ',3' ,3' ,3-Tetramethylspiro-[2H-1-benzopyran-2,2'-indoline] (4.13) 
2-Ethyl-1 ,3,3-trimethyl indolium triflate (5.17) (0.51 g, 1.51 mmol) was dissolved 
in 40o/o sodium hydroxide solution (1 0 cm3). The reaction was then stirred for 5 
mins and then ether (15 cm3) was added. The ether layer was separated from 
the reaction mixture, dried (anhydrous sodium sulphate) and evaporated under 
reduced pressure. The yellow/orange oil was isolated (5.33) (0.20 g, 1.06 mmol) 
and dissolved in ethanol (5 cm3), then added to 2-hydroxybenzaldehyde (0.13 g, 
1.07 mmol) in ethanol (1 0 cm3), and the resulting solution heated under reflux 
for 24 h. The title compound was obtained as pale yellow crystals (0.16g, 52°/o). 
6-Nitro-1 ',3' ,3' ,3-tetramethylspiro-[2H-1-benzopyran-2,2' -indoline] (4.14) 
2-Ethyl-1 ,3,3-trimethyl indolium triflate (5.17) (1.78 g, 5.28mmol) was dissolved in 
40°/o sodium hydroxide solution (1 0 cm3). The reaction was then stirred for 5 
mins and then ether (15 cm3) was added. The ether layer was separated from 
the reaction mixture, dried (anhydrous sodium sulphate) and evaporated under 
reduced pressure. The yellow/orange oil was isolated (5.33) (0.74 g, 3.95 
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mmol) and dissolved in ethanol (3 cm3), then added to 2-hydroxy-5-
nitrobenzaldehyde (5.37) (0.66 g, 3.95mmol) in ethanol (1 0 cm3), and the 
resulting solution heated under reflux for 24 h. The title compound was 
obtained as tan coloured crystals (0.75 g, 57°/o) . 
8-Methoxy-1 ',3' ,3' ,3-tetramethylspiro-[2H-1-benzopyran-2,2' -indoline) (4.15) 
2-Ethyl-1 ,3,3-trimethyl indolium triflate (5.17) (1.01 g, 2.97 mmol) was dissolved 
in 40o/o sodium hydroxide solution (1 0 cm3). The reaction was then stirred for 5 
mins and then ether (1 0 cm3) was added. The ether layer was separated from 
the reaction mixture, dried (anhydrous sodium sulphate) and evaporated under 
reduced pressure. The yellow/orange oil was isolated (5.33) (0.48 g, 2.55mmol) 
and disolved in ethanol (3 cm3), then added to 2-hydroxy-3-
methoxybenzaldehyde (0.38 g, 2.50mmol) in ethanol (1 0 cm3), and the resulting 
solution heated under reflux for 24 h. The title compound was recrystallised 
from chloroform I ethanol and obtained as a deep red, crysalline solid (44 mg, 
55o/o). 
8-Methoxy-6-nitro-1 ',3' ,3' ,3-tetramethylspiro-[2H-1-benzopyran-2,2'-
indoline] (4.16) 
2-Ethyl-1 ,3,3-trimethyl indolium triflate (5.17) (1.00 g, 2.97 mmol) was dissolved 
in 40°/o sodium hydroxide solution (1 0 cm3). The reaction was then stirred for 5 
mins and then ether (1 0 cm3) was added. The ether layer was separated from 
the reaction mixture, dried (anhydrous sodium sulphate) and evaporated under 
reduced pressure. The yellow/orange oil was isolated (5.33) (0.44 g, 2.34mmol, 
79o/o ) and disolved in ethanol (5 cm3), then added to 2-hydroxy-3-methoxy-5-
nitrobenzaldehyde (5.41) (0.46 g, 2.34mmol) in ethanol (5 cm3), and the resulting 
solution heated under reflux for 8 h. The yellow/orange precipitate appeared 
as the ethanol was removed under reduced pressure. The title compound was 
recrystallised from chloroform I ethanol and obtained as yellow/orange needles 
(0.57 g, 67°/o). 
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6,8-Dinitro-1 ',3' ,3' ,3-tetramethylspiro-[2H-1-benzopyran-2,2' -indoline] (4.17) 
2-Ethyl-1 ,3,3-trimethyl indolium triflate (5.17) (1.00g, 2.97 mmol) was dissolved 
in 40% sodium hydroxide solution (1 0 cm3). The reaction was then stirred for 5 
mins and then ether (10 cm3) was added. The ether layer was separated from 
the reaction mixture, dried (anhydrous sodium sulphate) and evaporated under 
reduced pressure. The yellow/orange oil was isolated (5.33) (0.44 g, 2.34 mmol, 
70o/o) and dissolved in ethanol (3 cm3), then added to 2-hydroxy-3,5-
dinitrobenzaldehyde (5.40) (0.49 g, 2.31mmol) in ethanol (10 cm3). The resulting 
solution heated under reflux for 24 h. The title compound was recrystallised from 
chloroform I ethanol and obtained as a deep red, crysalline solid (74 mg, 83°/o). 
5' ,6-Dinitro-1 ',3' ,3' ,3-tetramethylspiro-[2H-1-benzopyran-2,2' -indoline] (4.18) 
2-Ethyl-1 ,3,3-trimethyl indolium triflate (5.18) (0.90 g, 2.35 mmol) was dissolved 
in 40o/o sodium hydroxide solution (1 0 cm3). The reaction was then stirred for 5 
mins and then ether (1 0 cm3) was added. The ether layer was separated from 
the reaction mixture, dried (anhydrous sodium sulphate) and evaporated under 
reduced pressure. The yellow/orange oil was isolated (5.31) (0.49 g, 2.11mmol) 
and dissolved in ethanol (3 cm3), then added to 2-hydroxy-5-nitrobenzaldehyde 
(5.37) (0.35 g, 2.10 mmol) in ethanol (10 cm3), and the resulting solution heated 
under reflux for 24 h. The title compound was obtained as a tan coloured 
precipitate ( 0.36 g, 47%>). 
1 '-Methyl-3'-spirocyclohexylspiro-[2H-1-benzopyran-2,2'-indoline] (4.19) 
1.2-Dimethyl-3-spirocyclohexyl indolium triflate (5.19) (1.03 g, 2.84 mmol) was 
dissolved in 40o/o sodium hydroxide solution (1 0 cm3). The reaction was then 
stirred for 5 mins and then ether (15 cm3) was added. The ether layer was 
separated from the reaction mixture, dried (anhydrous sodium sulphate) and 
evaporated under reduced pressure. The yellow/orange oil was isolated (5.34) 
(0.43 g, 2.01 mmol) and dissolved in ethanol (3 cm3), then added to 2-
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hydroxybenzaldehyde (0.25 g, 2.05 mmol) in ethanol (10 cm3), and the resulting 
solution heated under reflux for 24 h. The title compound was obtained as a 
yellow coloured precipitate (0.39 g, 60°/o). 
1 '-Methyl-6-nitro-3'-spirocyclohexylspiro-[2H-1-benzopyran-2,2'-indoline] 
(4.20) 
1.2-Dimethyl-3-spirocyclohexyl indolium triflate (5.19) (1.02 g, 2.81 mmol) was 
dissolved in 40°/o sodium hydroxide solution (1 0 cm3). The reaction was then 
stirred for 5 mins and then ether (15 cm3) was added. The ether layer was 
separated from the reaction mixture, dried (anhydrous sodium sulphate) and 
evaporated under reduced pressure. The yellow/orange oil was isolated (5.34) 
(0.40 g, 1.87mmol) and dissolved in ethanol (3 cm3), then added to 2-hydroxy-5-
nitrobenzaldehyde (5.37) (0.31 g, 1.87 mmol) in ethanol (1 0 cm3), and the 
resulting solution heated under reflux for 24 h. The title compound was 
obtained as a tan coloured precipitate (0.37 g, 55°/o). 
1 '-Methyl-8-methoxy-3' -spirocyclohexylspiro-[2H-1-benzopyran-2,2'-
indoline] (4.21) 
1.2-Dimethyl-3-spirocyclohexyl indolium triflate (5.19) (1.52 g, 4.19 mmol) was 
dissolved in 40°/o sodium hydroxide solution (1 0 cm3). The reaction was then 
stirred for 5 mins and then ether (15 cm3) was added. The ether layer was 
separated from the reaction mixture, dried (anhydrous sodium sulphate) and 
evaporated under reduced pressure. The yellow/orange oil was isolated (5.34) 
(0.85 g, 3.97mmol) and dissolved in ethanol (5 cm3), then added to 2-hydroxy-3-
methoxybenzaldehyde (0.60 g, 3. 97mmol) in ethanol (1 0 cm 3), and the resulting 
solution was heated under reflux for 24 h. The title compound was obtained as 
a tan coloured precipitate (0.96 g, 70°/o). 
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1 '-Methyl-8-methoxy-6-nitro-3' -spirocyclohexylspiro-[2H-1-benzopyran-2,2'-
indoline] (4.22) 
1.2-Dimethyl-3-spirocyclohexyl indolium triflate (5.19) (1.45 g, 3.99 mmol) was 
dissolved in 40°/o sodium hydroxide solution (1 0 cm3). The reaction was then 
stirred for 5 mins and then ether ( 15 cm3) was added. The ether layer was 
separated from the reaction mixture, dried (anhydrous sodium sulphate) and 
evaporated under reduced pressure. The yellow/orange oil was isolated (5.34) 
(0.75 g, 3.50mmol) and dissolved in ethanol (3 cm3), then added to 2-hydroxy-
3-methoxy-4-nitrobenzlaldehyde (5.41) (0.69 g, 3.50 mmol) in ethanol (25 cm3), 
and the resulting solution heated under reflux for 24 h. The title compound was 
obtained as a dark beige/pale brown coloured precipitate (1.25 g, 91 °/o). 
1 '-Methyl-6,8- dinitro-3' -spirocyclohexylspiro-[2H-1-benzopyran-2,2'-
indoline] (4.23) 
1.2-Dimethyl-3-spirocyclohexyl indolium triflate (5.19) (1.02 g, 2.81 mmol) was 
dissolved in 40°/o sodium hydroxide solution(1 0 cm3). The reaction was then 
stirred for 5 mins and then ether (15 cm3) was added. The ether layer was 
separated from the reaction mixture, dried (anhydrous sodium sulphate) and 
evaporated under reduced pressure. The yellow/orange oil was isolated (5.34) 
(0.44 g, 2.06 mmol), dissolved in ethanol (3 cm3), then added to 2-hydroxy-3,5-
dinitrobenzlaldehyde (5.40) (0.44 g, 2.07 mmol) in ethanol (20 cm3), and the 
resulting solution heated under reflux for 24 h. The title compound was obtained 
as a dark red coloured precipitate (0.45 g, 58o/o). 
1 '-Methyl-8-methoxy-5' -trifluoromethyl-3' -spirocyclohexylspiro-[2H-1-
benzopyran-2,2'-indoline] 
(4.24) 
1.2-Dimethyl-3-spirocyclohexyl-5-trifluoromethyl indolium triflate (5.20) (0.61 g, 
1.42mmol) was dissolved in 40°/o sodium hydroxide solution (15 cm3). The 
reaction was then stirred for 5 mins and then ether (15 cm3) was added. The 
ether layer was separated from the reaction mixture, dried (anhydrous sodium 
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sulphate) and evaporated under reduced pressure. The yellow/orange oil was 
isolated (5.35) (0.19 g, 0.68mmol) and dissolved in ethanol (3 cm3), then added 
to 2-hydroxy-3-methoxy-benzlaldehyde (0.1 0 g, 0.66mmol) in ethanol (25 cm3), 
and the resulting solution heated under reflux for 24 h. The title compound was 
obtained as a dark beige/pale brown coloured precipitate (0.19 g, 70o/o). 
1 '-propyl-3'-spirocyclohexylspiro-[2H-1-benzopyran-2,2'-indoline] (4.25) 
2-Methyl-1-propyl-3-spirocyclohexyl indolium iodide (5.26) (0.90 g, 2.43mmol) 
was vigorously stirred and shaken in 40o/o sodium hydroxide solution (20 cm3) 
until, the waxy purple solid dissolved and formed a yellow solution then added to 
ether (1 00 cm3). The mixture was vigorously shaken and stirred for 10 mins .. 
The ether layer was separated from the reaction mixture, dried (anhydrous 
sodium sulphate) and evaporated under reduced pressure. The orange oil 
(5.36) (0.38 g, 1.57mmol) was isolated before addition to 2-
hydroxybenzaldehyde (0.19 g, 1.55mmol) in ethanol (20 cm3). The solution was 
refluxed over night. The title compound was obtained as an orange oil (0.30 g, 
55o/o). 
1 '-Propyl-3'-spirocyclohexylspiro-[2H-1-benzopyran-2,2'-indoline] (4.26) 
1-Butyl-2-methyl-3-spirocyclohexyl indolium iodide (5.27) (1.06 g, 2.77mmol) 
was vigorously shaken in 40°/o sodium hydroxide solution (30 cm3 ) and stirred in 
ether (1 00 cm3) for 10 mins. The ether layer was separated from the reaction 
mixture, dried (anhydrous sodium sulphate) and evaporated under reduced 
pressure. The orange oil (5.36) (0.45 g, 1.77mmol) was isolated and added to 2-
hydroxybenzaldehyde (0.22 g, 1.80mmol) in ethanol (20 cm3). The solution was 
refluxed over night. The title compound was purified by column chromatography 
and then using preparative TLC. [Eluent; pet ether (40-60°) I chloroform (1: 1 )] 
and obtained as an orange oil (0.40 g, 63o/o). 
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1 '-Hexyl-3' -spirocyclohexylspiro-[2H-1-benzopyran-2,2'-indoline] (4.27) 
1-Hexyl-2-methyl-3-spirocyclohexyl indolium iodide (5.28) (1.01 g, 2.46mmol) 
was dissolved in 40% sodium hydroxide solution (40 cm3) by vigorously shaking 
and stirred in ether (1 00 cm3) for 10 mins. The ether layer was separated from 
the reaction mixture, dried (anhydrous sodium sulphate) and evaporated under 
reduced pressure. The orange oil was isolated (150 mg 0.53mmol), added to 
2-hydroxybenzaldehyde (65 mg, 0.53mmol) in ethanol (1 0 cm3) and the solution 
was refluxed over night. The title compound was obtained as an orange oil and 
was purified by column chromatography 1/1 pet ether b.p 40-60 ethyl acetate, 
then purified using preparative TLC. [Eluent; pet ether (40-60°)/chloroform (1: 1 )] 
(0.12g, 57°/o). 
1 '-Heptyl-3'-spirocyclohexylspiro-[2H-1-benzopyran-2,2'-indoline] (4.28) 
1-Heptyl-2-methyl-3-spirocyclohexyl indolium iodide (5.29) (1.01 g, 
2.38mmol) was dissolved in 40o/o sodium hydroxide solution (30 cm3) by 
vigorously shaking and stirred in ether (1 00 cm3). The ether layer was separated 
from the reaction mixture, dried (anhydrous ·sodium sulphate) and evaporated 
under reduced pressure to yield an orange oil (0.48g, 1.16mmol). This orange 
oil was added to 2-hydroxybenzaldehyde (0.20 g, 1.63mmol) and ethanol (20 
cm3). The solution was allowed to reflux over night. The title compound was 
obtained as an orange/pale yellow oil, was purified by preparative TLC [eluent 
1:1 chloroform;pet ether (40-60°)] (0.30 g, 47°/o ). 
6-Nitro-1 '-propyl-3' -spirocyclohexylspiro-[2H-1-benzopyran-2,2' -i ndoline] 
(4.29) 
2-Methyl-1-propyl-3-spirocyclohexyl indolium iodide (5.26) (0.98 g, 2.65mmol) 
was vigorously shaken in 40o/o sodium hydroxide solution (30 cm 3) until, the 
waxy purple solid dissolved and formed a yellow solution and stirrred in ether 
(1 00 cm3 ) for 10 mins. The ether layer was separated from the reaction mixture, 
dried (anhydrous sodium sulphate) and evaporated under reduced pressure. 
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The orange oil (5.36) (0.40 g, 1.68mmol) was isolated, added to 2-hydroxy-5-
nitrobenzaldehyde (5.37) (0.28 g, 1.68mmol) in ethanol (25 cm3) and the solution 
was refluxed overnight. The title compound was recrystallised using chloroform 
and hexane and obtained as a dusty pink solid (0.26 g, 41 o/o). 
1 '-Hexyl-6-nitro-3'-spirocyclohexylspiro-[2H-1-benzopyran-2,2'-indoline] 
(4.30) 
1-Hexyl-2-methyl-3-spirocyclohexyl indolium iodide (5.28) (0.79 g, 1.92mmol) 
was dissolved in 40°/o sodium hydroxide solution (30 cm3) by vigorously shaking 
and stirred in ether (1 00 cm3). The ether layer was separated from the reaction 
mixture, dried (anhydrous sodium sulphate) and evaporated under reduced 
pressure. The orange oil (0.36 g, 1.27mmol) was isolated, added to 2-hydroxy-
5-nitrobenzaldehyde (5.37) (0.21 g, 1.26mmol) in ethanol (15 cm3) and the 
solution refluxed overnight. The title compound was recrystallised using 
chloroform and hexane and obtained as a dusty pink solid (300 mg, 55°/o). 
6-Nitro-1 '-propyl-3' ,3'-dimethylspiro-[2H-1-benzopyran-2,2' -indoline] (4.31) 
3,3-Dimethyl-2-methyl-1-propyl-indolium iodide (5.24) (0.86 g, 2.61 mmol) was 
dissolved in 40o/o sodium hydroxide solution (30 cm3) by vigorously shaking and 
stirred in ether (1 00 cm3). The ether layer was separated from the reaction 
mixture, dried (anhydrous sodium sulphate) and evaporated under reduced 
pressure. The orange oil (0.21g, 1.04mmol) was isolated, added to 2-hydroxy-5-
nitrobenzaldehyde (5.37) (0.17 g, 1.02mmol) in ethanol (15 cm 3 ) and the 
solution was refluxed over night. The title compound was recrystallised using 
chloroform and hexane and obtained as a dusty pink solid (190 mg, 53o/o). 
1 '-Hexyl-6-nitro-3' ,3'-dimethylspiro-[2H-1-benzopyran-2,2'- indoline] (4.32) 
3,3-Dimethyl-1-hexyl-2-methyl indolium iodide (5.25) (0.91 g, 2.45mmol) was 
dissolved in 40o/o sodium hydroxide solution (30 cm3) ) by vigorously shaking 
and stirred in ether (1 00 cm3). The ether layer was separated from the reaction 
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mixture, dried (anhydrous sodium sulphate) and evaporated under reduced 
pressure. The orange oil (0.38g, 1.56mmol) was isolated, added to 2-hydroxy-5-
nitrobenzaldehyde (5.37) (0.26 g, 1.56mmol) in ethanol (15 cm3) and the solution 
was refluxed over night. After this period, the solution was allowed to cool down 
slowly and placed into a fridge over night. The title compound was recrystallised 
using chloroform and hexane and obtained as a dusty pink solid, (390 mg, 64°/o). 
General procedure for the synthesis of the spirooxazines. 
1-Nitroso-2-naphthol and the appropriate indolenine was dissolved in ethanol 
and the resulting solution was heated under reflux for several hours, until 
disappearance of the starting materials was observed by TLC (DCM solvent 
system used for monitoring, silica gel GF 240). The reactions were then allowed 
to cool overnight. The solvent was then removed under reduced pressure, 
during which time formation of a crystalline product was completed. Preparative 
TLC using chloroform as the mobile phase followed by recrystallisation from 
chloroform and hexane was carried out. 
1 ,3-Dihydro 1 ',3' ,3'-trimethylspiro[2H-indole-2,3'-[3H]naphth[2, 1-
b][1 ,4]oxazine] (4.33) 
1-Nitroso-2-naphthol (2.04 g, 11.79mmol) and 1,3,3-trimethyl-2-
methyleneindoline (2.04 g, 11.79mmol) were dissolved in ethanol (15 cm3), and 
the solution was heated under reflux for 24 h. The title compound was obtained 
as a red crystalline solid (1.94 g, 50o/o). 
1 ,3-Dihydro 1 ',3' ,3' ,3-tetramethylspiro[2H-indole-2,3'-[3H]naphth[2, 1-
b][1 ,4]oxazine] (4.34) 
2-Ethyl-1,3,3-trimethyl indolium triflate (5.17) (1.00 g, 2.97mmol) was dissolved in 
40o/o sodium hydroxide solution (1 0 cm3) and stirred in ether (30 cm3) for 5 mins. 
The ether layer was separated from the reaction mixture, dried (anhydrous 
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sodium sulphate) and evaporated under reduced pressure. The yellow/orange 
oil was isolated (5.33) (0.52 g, 2.77mmol) and dissolved in ethanol (3 cm3), then 
added to 1-nitroso-2-naphthol (0.66 g, 3.95mmol) in ethanol (1 0 cm3), and the 
resulting solution was heated under reflux for 24 h. The title compound was 
obtained as tan coloured crystals ( 0.45 g, 48 °/o). 
1 ,3-Dihydro 1 '-methyl-3' -cyclohexylspiro[2H-indole-2,3'-[3H]naphth[2, 1-
b][1 ,4]oxazine] (4.35) 
1 ,2-Dimethyl-3-spirocyclohexyl indolium triflate (5.19) (1.40 g, 3.86 mmol) was 
dissolved in 40% sodium hydroxide solution (1 0 cm3) and stirred in ether (30 
cm3) for 5 mins. The ether layer was separated from the reaction mixture, dried 
(anhydrous sodium sulphate) and evaporated under reduced pressure. The 
yellow/orange oil was isolated (5.34) (0.77 g, 3.60 mmol) and disolved in ethanol 
(3 cm 3), then added to 1-nitroso-2-naphthol (0.62 g, 3.58 mmol) in ethanol (1 0 
cm3), and the resulting solution heated under reflux for 24 h. The title compound 
was obtained as burgandy red coloured crystals (0.85 g, 64 °/o). 
General procedure for the synthesis of the crowned spirobenzopyrans. 
2-Hydroxy-3-(N-aza-12-crown-4 )yl methyl)5-nitrobenzaldehyde and the 
appropriate indolenine was dissolved in ethanol and the resulting solution was 
heated under reflux for several hours (chloroform/methanol (99: 1) solvent system 
used for monitoring the reaction). The reactions were then allowed to cool over 
night. The solvent was then removed under reduced pressure. Flash 
chromatography was used to separate the product from the starting materials. 
(neutral alumina used as the solid phase /ethyl acetate as the mobile phase) 
then preparative TLC was used to purify the product (neutral alumina containing 
gypsum for preparative TLC/ ethyl acetate as the eluent). 
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6-Nitro-1 ',3' ,3' -trimethyl -8-[1 0-(1 ,4, 7 -trioxa-1 O-
azacyclododecyl)methyl]spiro[2'H 1-benzopyran-2,2'-indoline] (4.36) 
2-Hydroxy-3-(N-aza-12-crown-4)yl methyl)5-nitrobenzaldehyde (5.39) (0.08 g, 
0.23mmol) and 1 ,3,3-trimethyl-5-nitro-2-methylene indolenine (0.04 g, 0.23mmol) 
were dissolved in ethanol (1 0 cm3), then the resulting solution heated under 
reflux for 22 h. The title compound was obtained as a yellow oil (0.027 g 23°/o). 
5' ,6-Dinitro-1 ',3' ,3'-trimethyl -8-[1 0-(1 ,4,7-trioxa-10-
azacyclododecyl)methyl]spiro[2'H 1-benzopyran-2,2'-indoline] (4.37) 
2-hydroxy-3-(N-aza-12-crown-4)yl methyl)5-nitrobenzaldehyde (5.39) (50 mg, 
0.14mmol) and 1 ,3,3-trimethyl-5-nitro-2-methyleneindolenine (5.31) (0.03 g, 
0.14mmol) were dissolved in ethanol (5 cm3), then the resulting solution heated 
under reflux for 24 h. The title compound was obtained as a yellow solid (0.03 
g, 38o/o). 
6-N itro-5' -trifl uoromethyl-1 ',3' ,3' -trimethyl -8-[1 0-( 1 ,4, 7 -trioxa -1 O-
azacyclododecyl)methyl]spiro[2'H 1-benzopyran-2,2' -indoline] (4.38) 
1 ,2,3,3-Tetramethyl -5-trifluoromethylindolium iodide (5.23) (280 mg, 0.76mmol) 
was dissolved in 40% sodium hydroxide solution (5 cm3 ) and diethyl ether (1 0 
cm3). The reaction was then stirred for 5 mins, before the ether layer was 
separated from the water layer and then dried using anhydrous sodium sulphate. 
The ether layer was filtered and then removed under pressure. The 
yellow/orange oil was isolated (5.32) (0.18 g, 0. 75mmol) and disolved in ethanol 
(5 cm3), then added to 2-hydroxy-3-(N-aza-12-crown-4)yl methyl)5-
nitrobenzaldehyde (5.39) (260 mg, 0.75mmol) in ethanol (1 0 cm3) was added 
using a pressure equalising funnel over a period of 1 h. The solution was then 
allowed to reflux overnight. The title compound, obtained as an orange oil, was 
purified by column chromatography (1/1 pet ether b.p 40-60, ethyl acetate), 
obtaining 0.21 g (49°/o) of the orange/yellow oil. 
143 
Cyclohexylmethylketone (5.1) 
A dry 1 00 cm3 three-necked round bottomed flask, was fitted with a reflux 
condenser , a pressure-equalising dropping funnel, a mechanical stirrer, and an 
inlet tube to maintain a static nitrogen atmosphere in the reaction vessel 
throughout the reaction. In the flask were placed powdered lithium hydride 
(0.69 g, 0.087mol) and anhydrous predistilled 1,2-dimethoxyethane (50 cm3). 
While this solution was being stirred vigorously, a solution of cyclohexane 
carboxylic acid (9.62 g, 0.075mol) in anhydrous 1 ,2-dimethoxyethane (50 cm3) 
was added over a 10 min period. The resulting mixture was heated to reflux 
while stirring for 2 h, at which time the hydrogen evolution and the formation of 
lithium cyclohexanecarboxylate was complete. The resulting suspension was 
cooled to approximately 1 0°C with an ice-bath and stirred vigorously while an 
etheral solution containing methyl lithium (1.6M, 62 cm3 , 0.085mol) was added 
dropwise over 30 min. After complete addition, the ice-bath was removed and 
the resulting suspension was stirred at room temperature for 2 h. The fine 
suspension in the reaction flask was agitated and siphoned into a vigorously 
stirred solution of concentrated hydrochloric acid (13.5 cm3 , 0.16mol) and water 
(200 cm3}. The reaction flask was rinsed with additional amount of ether (60 
cm3}, which was also added to the aqueous solution. After the resulting mixture 
was saturated with sodium chloride, the organic phase was separated and the 
alkaline aqueous phase extracted with ether (3x1 00 cm3}. The organic 
solutions were combined and dried over magnesium sulphate, the bulk of the 
ether was distilled from the mixture through a Vigreux column. Distillation under 
vacuum provided the title compound as a pale yellow liquid. (8.85g, 94°/o} 
General procedure for synthesis of phenylhydrazones 
The corresponding hydrazine and ketone were dissolved in ethanol and the 
resulting solutions heated under reflux for several hours, until the disappearance 
of the starting materials was observed by TLC (CHCI3 solvent system and silica 
gel GF240 used). The solutions were allowed to cool down slowly. The ethanol 
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was removed under reduced pressure during which time the required 
phenylhydrazones formed. Flash chromatography purified the oily phenyl 
hydrazones and recrystallisation using ethanol purified the solid 
phenylhydrazones. 
Isopropyl methyl ketone-4-nitro phenylhydrazone (5.2) 
4-Nitro-phenylhydrazine (1.70 g, 11.11 mmol) was reacted with 3-methyl-2-
butanone (0.95 g, 11.63 mmol) in ethanol (25 cm3). The solution was heated 
under reflux for 5 h. The title compound was obtained as a yellow solid (1.69g, 
69%). 
Isopropyl methyl ketone-4-trifluoromethylphenylhydrazone (5.3) 
4-Trifluoromethylphenylhydrazine (2.47 g, 14.03mmol) was reacted with 3-
methylbutan-2-one (1.19 g, 14.00mmol) in ethanol (20 cm3). The solution was 
heated under reflux for 1.5 h. The title compound was isolated as a mobile, 
slightly brown oil (3.09g, 90o/o). 
Isopropyl methyl ketone phenylhydrazone (5.4) 
Phenylhydrazine (1.65 g, 15.28mmol) was reacted with 3-methyl-2-butanone 
(1.31 g, 15.23mmol) in ethanol (25 cm3). The solution was refluxed for 3 h. The 
title compound was isolated as an orange oil (2.27 g, 84o/o). 
Isopropyl ethyl ketone phenylhydrazone (5.5) 
Phenylhydrazine (2.68 g, 24.81 mmol) was reacted with 2-methyl-3-pentanone 
(2.48 g, 24.80 mmol) in ethanol (1 0 cm3). The solution was heated under reflux 
for 5 h. The title compound was obtained as a mobile, slightly red oil (3.20 g, 
68°/o). 
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Isopropyl ethyl ketone-4-nitrophenylhydrazone (5.6) 
4-Nitro-phenyl-hydrazine (2.55 g, 16.66 mmol) was reacted with 2-methyl-3-
pentanone (1.66 g, 16.60 mmol) in ethanol (45 cm3). The solution was heated 
under reflux for 5 h. The title compound was obtained as a deep yellow solid 
(2.11 g, 54%). 
Cyclohexyl methyl ketone phenylhydrazone (5.7) 
Phenylhydrazine ( 3.00 g, 27.77 mmol) was reacted with cyclohexylmethyl 
ketone (3.50 g, 27.77mmol) in ethanol (100 cm3). The solution was heated 
under reflux for 0.5 h. The title compound was obtained as a deep orange 
mobile oil (4. 78 g 79o/o). 
Cyclohexyl methyl ketone-4-trifluoromethylphenylhydrazone (5.8) 
4-Trifluoromethylphenylhydrazine ( 2.45 g, 13.92mmol) was reacted with 
cyclohexylmethyl ketone (1.75 g, 13.89mmol) in ethanol (50 cm3) The solution 
was heated under reflux for 7 h. The title compound was obtained as a burgandy 
red mobile oil (2.45 g, 62°/o). 
General procedure for synthesis of lndoles via the Fischer Indole 
synthesis 
The phenyl hydrazone was treated in one of four ways: 
Method 1 
The phenylhydrazone was added to glacial acetic acid (25 cm3 ) and the 
resulting mixture was heated on a steam bath for 1 hour. 
Method 2 
The phenylhydrazone was added to zinc chloride and glacial acetic acid. 
Method 3 
The phenylhydrazone was added to hydrochloric acid. 
Method 4 
The phenylhydrazone was added to boron trifluoride etherate and acetic acid. 
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The products from the four methods were worked up as the follows; 
The resulting mixture was heated on a steam bath for 1-4 hours. The mixture 
was then added onto crushed ice and sodium bicarbonate added until pH 9 was 
obtained. The resulting solution was extracted with chloroform (3x 20 cm3) and 
the combined extracts dried using anhydrous sodium sulphate. The drying agent 
was removed by filtration and the chloroform removed under reduced pressure. 
An oil was obtained after flash chromatography using chloroform as the eluent. 
2-Methyl-5-nitro- 3,3-dimethyi-3H-indole (5.9) 
Isopropyl methyl ketone 4-nitrophenylhydrazone (5.2) (1.59 g, 7.23mmol) was 
added to hydrochloric acid (75 cm3) and the resulting mixture was heated on a 
steam bath for 5 h. The title compound was obtained as a yellow solid after 
recrystallisation from ethanol (0.95 g 64°/o). 
2-3,3-Trimethyl-5-trifluoromethyi-3H-indole (5.1 0) 
Isopropyl methyl ketone 4- trifluoromethylphenylhydrazone (5.3) (2.68 g, 
1 0.98mmol) and boron trifluoride etherate (1.56 g, 1 0.99mmol) in acetic acid (30 
cm3) was heated under reflux for 1 h prior to stirring at room temperature for 3 h. 
After this period the resulting mixture was filtered and the acetic acid removed 
under pressure to yield a light brown oil. Column chromatography was carried 
out over silica using ethyl acetate as the eluent. The title compound was 
obtained as a reddish oil (1.65 g, 54°/o). 
Attempted synthesis of 2-3,3-Trimethyi-3H-indole (5.11) 
A mixture of isopropyl methyl ketone phenylhydrazone (5.4) (0.33 g, 1.88 mmol), 
zinc chloride (0.06 g, 0.44mmol) and acetic acid (1 0 cm3) was heated under 
reflux for 1 h prior to stirring at room temperature for 1 h. After this period the 
resulting mixture was filtered and the acid removed under reduced pressure to 
yield a green oil. Column chromatography was carried out over silica using ethyl 
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acetate as the eluent. The compound 5.11A was obtained as a pale green oil 
(0.18 g, 61 °/o) . 
2,3,3-Trimethyi-3H-indole (5.11) 
A mixture of isopropyl methyl ketone phenylhydrazone (5.4) (1.69 g, 9.60 mmol) 
and hydrochloric acid (30 cm3) was heated under reflux for 1 h prior to stirring at 
room temperature for 3 h. After this period the resulting mixture was filtered and 
the hydrochloric acid removed under reduced pressure to yield a red oil. Column 
chromatography was carried out over silica using ethyl acetate as the eluent. 
The title compound was obtained as a reddish oil (1.19 g, 78°/o). 
Attempted synthesis of 2-ethyl 3,3-dimethyl-3H-indole (5.12) 
Isopropyl ethyl ketone phenyl hydrazone (5.5) (2.0 g, 10.58 mmol) was added to 
concentrated hydrochloric acid (50 cm3) and the resulting mixture was heated on 
a steam bath for 2 h. The reaction produced a thick brown/dark green oil/gum 
(5.12A), (1.71 g, 77°/o). 
2-Ethyl 3,3-dimethyl-3H-indole (5.12) 
Isopropyl ethyl ketone phenyl hydrazone (5.5) (2.88 g, 15.16 mmol) was added to 
zinc chloride (0.50 g, 3.66mmol) and glacial acetic acid (50 cm3) and the 
resulting mixture was heated on a steam bath, under nitrogen for 4 h. The title 
compound, obtained as a yellow /orange oil was obtained after flash 
chromatography using chloroform as the eluent (2.29 g, 87%). 
2-Ethyl-5-nitro- 3,3-dimethyi-3H-indole (5.13) 
Isopropyl ethyl ketone 4-nitro phenylhydrazone (5.6) (1.96 g, 8.34 mmol) was 
added to zinc chloride ( 3.28 g, 24.07mmol) and glacial acetic acid (25 cm3) and 
the resulting solution was heated on a steam bath, under nitrogen for 3 h. The 
title compound is obtained as a dark yellow coloured powder (1 .21 g, 67°/o). 
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Attempted synthesis of 2-methyl-3-cyclohexyi-3H-indole (5.14) 
Cyclohexylmethyl ketone phenylhydrazone (5.7) ( 0.20 g, 0.93mmol) was added 
to hydrochloric acid (20 cm3) and the resulting mixture was heated on a steam 
bath, under nitrogen for 5 h. The reaction produced a thick brown/dark green 
oil/gum (5.14A), (0.11 g, 61 °/o). 
2-Methyl-3-cyclohexyi-3H-indole (5.14) 
Cyclohexylmethyl ketone phenylhydrazone (5.7) (4.65 g, 21.53 mmol) was 
added to zinc chloride (1.00 g, 7.35 mmol) and glacial acetic acid (1 00 cm3), and 
the resulting solution heated on a steam bath, under nitrogen, for 3 h. The title 
compound was obtained as an orange oil (3.25 g, 76%). 
2-Methyl-3-cyclohexyl- 5-trifluoromethyi-3H-indole (5.15) 
Cyclohexylmethyl ketone-4-trifluoromethylphenylhydrazone (5.8) (2.30 g, 
5.02mmol) was added to acetic acid (1 00 cm3) and zinc chloride ( 0.25 g, 
1.83mmol) and the resulting solution heated on a steam bath, under nitrogen for 
3 h. The title compound was obtained as an orange oil (1.52 g, 70°/o). 
2-Acetyl 3,3-dimethyi-3H-indole (5.16) 
Isopropyl ethyl ketone phenyl hydrazone (5.5) (3.1 0 g, 16.32 mmol) was added 
to zinc chloride (0.55 g, 4.04mmol) and glacial acetic acid (1 00 cm3) and the 
resulting solution heated on a steam bath in air for 4 h. The title compound is 
obtained as a white solid 2.35 g (83%>). 
General procedure for the preparation of the indolium salts 
For triflates 
(a) Methyl triflates 
The appropriate indole was dissolved in diethyl ether and hexane. The methyl 
trifluoromethanesulphonate was added in one portion to the stirring solution at 
room temperature. The reactants were stirred at room temperature for 5 
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minutes, then instantly a solid precipitated. The product was filtered and 
recrystallisation was effected using chloroform and hexane. 
2-Ethyl-1 ,3,3-trimethyl indolium triflate (5.17) 
2-Ethyl 3,3-dimethyi-3H-indole (5.12) (2.08 g, 12.02 mmol) was added to methyl 
trifluoromethanesulphonate (1.96 g, 12.02 mmol) in hexane (5 cm3) and diethyl 
ether (5 cm3). The solution was stirred at room temperature. Instantly a yellow 
precipitate formed. The title compound was obtained as deep golden coloured 
crystals (3.81 g, 89%>). 
2-Ethyl-5-nitro-1 ,3,3-trimethylindolium triflate (5.18) 
2-Ethyl-5-nitro-3,3-dimethyi-3H-indole (5.13) (1.04 g, 4.77 mmol) was added to 
methyltrifluoromethane sulphonate (0.78 g, 4.77 mmol) in hexane (5 cm3) and 
diethyl ether(5 cm3). Instantly a canary yellow precipitate formed. The title 
compound was obtained as bright yellow canary coloured crystals (0.94 g, 
52o/o). 
1 ,2-Dimethyl-3-spirocyclohexyl indolium triflate (5.19) 
2-Methyl-3-spirocyclohexyi-3H-indole (5.14) (3.22 g, 16.18mmol) was added to 
methyltrifluoromethane sulphonate (2.66 g, 16.22mmol) in hexane(20 cm3) and 
diethylether (30 cm3). Instantly a canary yellow precipitate formed. The title 
compound was obtained as pale yellow coloured crystals (4.59 g, 78°/o). 
1 ,2-Dimethyl-3-spirocyclohexyl-5-trifluoromethyl indolium triflate (5.20) 
1 ,2-dimethyl-3-spirocyclohexyl-5-trifluoromethyl-indole (5.15) (0.50 g, 1.87mmol) 
was dissolved diethyl ether (15 cm3) and hexane (1 0 cm3). The 
methyltrifluoromethane sulphonate (0.32 g, 1.95mmol) was added in one portion 
to the stirring mixture at room temperature. Instantly a tan coloured precipitate 
formed. The title compound was obtained as pale yellow coloured crystals (0.65 
g, 80°/o). 
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{b) For indolium iodides 
The appropriate indole (1 equivalent) was added to the alkyl iodide (1.1 
equivalent) and then the neat mixture was heated to reflux (< 150°C, as 
appropriate) for 3 h before the solid that formed was broken up, and then at least 
for a further 24 h. After this period the excess of the alkyl iodide was removed 
under reduced pressure to leave the required indolenium iodide as a solid. The 
gummy solids obtained were triturated with petroleum ether. The iodide salt 
was broken up and recrystallised from hexane. 
Attempted synthesis of 2-ethyl-1 ,3,3-trimethylindolium iodide (5.21) 
2-Ethyl 3,3-dimethyi-3H-indole (5.12) (0.48 g, 2. 77 mmol) and methyl iodide 
(0.38 g, 2. 77 mmol) was heated under reflux for 26 hours. The title compound 
was obtained as a brown powder (0.44 g, 51 °/o). 
1 ,2,3,3-Tetramethyl-5-nitro-3H-indolium iodide (5.22) 
2-Ethyl-3,3-dimethyl-5-nitro indole {5.9) (1.5 g, 7.35mmol) and methyl iodide 
(1.00 g, 7.55mmol) were heated under reflux for 6 h. The title compound was 
obtained as a yellow mass (1.19 g, 48 o/o). 
1 ,2,3,3-Tetramethyl-5-trifluoromethyi-3H-indolium iodide (5.23) 
2,3,3-Trimethyl-5-trifluoromethyi-3H-indole (5.10) (1.60 g, 7.05mmol) and methyl 
iodide (0.96 g, 7.06 mmol) were heated under reflux for 26 h. The title 
compound was isolated as a white solid (1.39 g, 51 °/o). 
3,3 - Dimethyl-1-propyi-3H-indolium iodide {5.24) 
3,3-Dimethyl-2-methyi-3H-indole (5.11) (1.00 g, 6.28mmol) and propyl iodide 
(1.20 g, 7.06mmol) were heated under reflux for 24 h. The title compound was 
obtained as a deep red powder (1.1 0 g, 53°/o). 
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3,3-Dimethyl-1-hexyi-3H-indolium iodide (5.25) 
3,3-Dimethyl-2-methyi-3H-indole (5.11) (1.00 g, 6.28mmol) and hexyl iodide 
(1.39 g, 6.55mmol) were heated under reflux for 24 h. The title compound was 
obtained as a deep red powder (1.21 g, 51 o/o). 
2-Methyl-1-propyl-3-spirocyclohexyl indolium iodide (5.26) 
3-Cyclohexyl-2-methyi-3H-indole (5.14) (0.53 g, 2.66mmol) and propyl iodide 
(0.46 g, 2.71 mmol) were heated under reflux for 24 h. The title compound was 
obtained as a deep black/red gum (0.49 g, 50o/o). 
1-Butyl- 2-Methyl-3-spirocyclohexyl indolium iodide (5.27) 
3-Cyclohexyl-2-methyi-3H-indole (5.14) (1.00 g, 5.03mmol) and butyl iodide 
(0.93 g, 5.05 mmol) were heated under reflux for 24 h. The title compound was 
obtained as a deep black/red powder (1.31 g, 68o/o) . 
1-Hexyl-2-methyl-3-spirocyclohexyl indolium iodide (5.28) 
3-Cyclohexyl-2-methyi-3H-indole (5.14) (1.01g, 5.08mmol) and hexyl iodide (1.08 
g, 5.09 mmol) were heated under reflux for 24 h. The title compound was 
obtained as a deep black/purple waxy powder (1.41 g, 68°/o). 
1-Heptyl-2-methyl-3-spirocyclohexyl indolium iodide (5.29) 
3-Cyclohexyl-2-methyi-3H-indole (5.14) (1.01 g, 5.08mmol) and heptyl iodide 
(2.16 g, 5.08mmol) were heated under reflux for 24 hours. The title compound 
was obtained as a deep red glassy gum (1 .01 g, 47°/o). 
2-Acetyl-1 ,3,3-trimethyl indolium iodide (5.30) 
2-Acetyl-3,3-dimethyi-3H-indole (5.16) (0.20g, 1.07mmol ) was added to methyl 
iodide (0.152 g, 1.06mmol) and the mixture was heated under reflux overnight. 
The title compound was obtained as a brown powder. 
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General procedure for the preparation of the indolenines 
The appropriate indolenium iodide or triflate salt was dissolved in 40°/o sodium 
hydroxide solution and this solution was stirred for 5 mins, then diethyl ether 
{10 cm3) was added and the mixture stirred for a further 5 mins . The ether layer 
was separated from the mixture and dried using anhydrous sodium sulphate. 
The diethyl ether was removed using the rotary evaporator {under reduced 
pressure) to yield the required product. All prepared indolenines were isolated, 
characterised and used, as soon as they were prepared, as they tended to 
oxidise and change colour if not used immediately {within hours to days). The 
reaction was monitored by TLC, {1 00°/o CHCI3 system was used) 
1 ,3,3 - Trim ethyl -5-Nitro-2-methylene indolenine (5.31) 
1,2,3,3-Tetramethyl-5-nitro-indolenium iodide (5.22) {1.05 g, 3.3mmol) was 
dissolved in 40°/o sodium hydroxide solution {15 cm3) and this solution was 
stirred for 4 h. Ether {10 cm3) was added and the mixture stirred for a further 4 h. 
The title compound was obtained as an orange product. Fractional 
recrystallisation was carried out from pet ether {40-60) which allowed the 
separation of the title compound as red and orange coloured crystals (orange 
mass 0.29 g 32o/o, red plates 0.21 g, 44°/o). 
1 ,3,3,-Trimethyl-2-methylene-5-trifluoromethyl indolenine (5.32) 
1,2,3,3-Tetramethyl-5-trifluoromethyl indolium triflate (5.23) (1.15 g, 3.17 mmol) 
was dissolved in of 40o/o sodium hydroxide solution (25 cm3) and this solution 
was stirred for 4 h. Ether (1 0 cm3) was added and the reaction mixture stirred for 
a further 4 h. Work up yielded a yellow I orange crystalline solid within an orange 
oil. The oil was dissolved in cold ether (1 0 cm3). The title compound was 
obtained as a yellow crystalline solid {0.26 g,34%). 
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1 ,3,3-Trimethyl-2-ethylene indolenine (5.33) 
2-Ethyl-1,3,3-trimethyl indolium triflate (5.17) (0.51 g, 1.51 mmol) was dissolved 
in 40°/o sodium hydroxide solution (5 cm3). Ether (1 0 cm3) was added and the 
reaction stirred for 5 mins. Work up yielded the title compound as a pale 
yellow/orange oil (0.22 g, 79%). 
1-Methyl- 3-spirocyclohexyl-2-methylene indolenine (5.34) 
1,2-Dimethyl-3-spirocyclohexyl indolium triflate (5.19) (1.02 g, 2.81mmol) was 
dissolved in 40°/o sodium hydroxide solution(1 0 cm3). This solution was added to 
ether (1 0 cm3) and stirred for 5 mins. Work up yielded the title compound as a 
yellow/orange oil (0.45 g, 75%). 
1-Methyl-3-spirocyclohexyl-5-trifluoromethyl-2-methylene indolenine (5.35) 
1,2-Dimethyl-3-spirocyclohexyl-5-trifluoromethyl indolium triflate (5.20) (0.61 g, 
1.42 mmol) was dissolved in 40% sodium hydroxide solution(1 0 cm3). This 
solution was added to ether (1 0 cm3) and stirred for 5 mins. Work up yielded the 
title compound as a yellow/orange oil (0.1 9 g, 48o/o). 
1-Propyl-3-spirocyclohexyl-2-methylene indolenine (5.36) 
2-Methyl-1-propyl-3-spirocyclohexyl indolium triflate (5.26) (0.98 g, 2.65 mmol) 
was dissolved in 40o/o sodium hydroxide solution (20 cm3). This solution was 
added to ether (45 cm3) and stirred for 5 mins. The title compound was 
obtained as a red oil (0.40 g, 62°/o). 
2-Hyd roxy -5-n itrobenzaldehyde ( 5.37) 
Hexamethylenetetramine(1.40 g, 1 Ommol) was added in portions over 15 mins to 
a stirred mixture of 4-nitrophenol (1.39 g, 1Om mol) and 85o/o polyphosphoric acid 
(8 cm3) at 1 oooc for 2 h. Cold water (40 cm3) was added while stirring and 
cooling to room temperature. The product was filtered off and washed with 
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water. The title compound was obtained as a cream coloured solid (0.97 g, 
58o/o). 
3-Chloromethyl-2-hydroxy-5-nitrobenzaldehyde (5.38) 
In a 50 cm3 , three necked, round bottomed flask fitted with a mechanical stirrer, 
addition tube, double coiled condenser surmounted by a coiled condenser fitted 
with a calcium chloride drying tube was placed 2-hydroxy-5-nitrobenzaldehyde 
(5.37) (0.50 g, 3 mmol) and chloromethyl methylether (15 cm3). The solution was 
cooled to ooc and the aluminium trichloride (3.3 g) was added portionwise over 
20 mins. The solution was allowed to warm to room temperature and then 
refluxed for 84 h. The resulting dark solution was poured onto ice (35 cm3) and 
stirred for 30 mins. The brown solid that formed was filtered off and collected. 
The filtrate was extracted with ether and the combined extracts dried using 
sodium sulphate. The ether was removed under reduced pressure using the 
rotary evaporator to give a solid. The solid was combined with that previously 
formed and recrystallised from carbontetrachloride/pet ether. The title compound 
was obtained as a slight yellow crystalline solid (0.31 g, 48°/o). 
2-Hydroxy-3-((N-aza-12-crown-4)yl)methyl)-5-nitrobenzaldehyde (5.39) 
1-Aza-12-crown-4 (369 mg, 2.1mmol) in dry THF (5 cm3) and TEA (0.491 g, 
4.8mmol) was cooled to 0 oc on an ice bath. 3-Chloromethyl-2-hydroxy-5-
nitrobenzaldehyde (5.38) ( 0.454 g, 2.1 mmol) in dry THF (1 0 cm3) was added 
portionwise over 30 mins. The resulting solution was stirred at ooc for 1 h before 
being allowed to warm to room temperature. Stirring was continued overnight 
and then refluxed for 3 h. The resulting solution was cooled. The pale yellow 
solid that had formed was filtered off using a sintered funnel and 1 H nmr 
spectrum of this solid confirmed it to be triethylamine hydrochloride. The filtrate 
was evaporated to dryness to give an orange oil. After addition of THF (1 cm3) to 
redissolve the oil and standing overnight, the title compound was obtained as an 
orange crystalline solid (0.42 g, 58°/o). 
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3,5- Dinitro-2-hydroxy-benzaldehyde (5.40) 
2-Hydroxy-5-nitrobenzaldehyde (5.37) (0.50 g, 2.99mmol) is stirred with fuming 
nitric acid (0.19 g, 3.02 mmol) in sulphuric acid (25 cm3) for 3 h at room 
temperature. The solution was then added to ice (50 g) and stirred for a further 
10 mins then left overnight standing, the title compound was obtained as very 
pale yellow coloured crystals when filtered and washed with water (0.36 g, 57°/o). 
2-Hydroxy-3-methoxy-5-nitrobenzaldehyde (5.41) 
2-Hydroxy-3-methoxybenzaldehyde (4.99 g, 32.85mmol) was stirred with the 
dropwise addition of fuming nitric acid (2.07 g, 32.86mmol) in acetic acid 
(2.07g, 32.86mmol) over 30 mins as the temperature was held at 1 0-20°C. On 
slow addition the liquid became red and then a pale yellow powdered solid 
rapidly formed. The reaction mixture was left over night. The title compound 
was filtered off as a pale yellow solid (5.20 g, 80%). 
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Table 26 
compound (No) yield 
1 
44 
(4.1) 
2 
65 
(4.2) 
3 89 
N02 
(4.3) 
4 
44 
NEt2 
(4.4) 
5 
63 
N02 
(4.5) 
249-251 
90-91 
lit 92 
178-179 
lit value, 
177-178. 
179-183 
lit val; 
180-182 
> 220 
lit val; 280-283 
calc .(found) I Ref: 
(Ref; 2) 
(Ref; 96) 
(Ref; 96) 
C23HzaN20 
requires 
79.3, 8.1, 8.0 
found 
79.5, 8.3, 8.0 
(Ref; 97) 
C19H11N30s .0.4 H20 
requires 
62.12, 4.66, 11.43, 
found 
61.19, 4.58 and11.22. 
(Ref; 2, 31, 98) 
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6 
124-126 
52 lit; 122 Ref; 2, 31, 98 
CH30 
(4.6) 
C2oH2oN204 
7 requires 
59 166-168 62.12, 4.66, 11.43, 
lit; 159-161' found 
N02 167 61.19, 4.58, 11 .22 
(4.7) (Ref; 99) 
8 20N 
33 225-227 (Ref; 2) 
(4.8) 
canary yellow powder; 
9 20N 190-193 C19H1aN203.0.1 H20 
71 o/o requires 
70.8, 5.6, 8.0 
found 
70.3, 5.7, 8.7 
(4.9) (Ref;2) 
10 
CF3 
77 94-96 
(4.10) 
11 CF3 
65 164-166 (Ref; 1 00) 
(4.11) 
12 CF3 
126-128 C21 H20N02F3 Ace. El 
lit val; requires 
69 125-127 375.1759 
Found 
(4.12) 375.1759 
158 
• 
13 
C2oH21NO Ace. El 
requires 
52 104-106 291.1623 
Found 
291.1623 
(4.13) 
14 C2oH2aN203 
requires 
71.41' 5.99, 8.32 
57 146-148 Found 
71.46, 6.00, 8.14 
N02 
(4.14) 
15 C21 H23N02. 0.6H20 
requires Oj;/ 77.06, 7.24, 4.28; 
Found ｾｉｾ＠ 183-185 76.94, 7.54, 4.17 55 
C21 H23N02 .Ace. FAB 
requires 321.1729 CH30 
found M+=321.1731, (4.15) 
M++1 =322.1800 
16 ｾ＠ C21 H22N20 4 .Ace. FAB requires 366.1579, 165-167 found ' I / NO 67 M+=366.1563(4.4ppm) CH30 2 
M++1 =367.1645(3.5pp (4.16) 
m) 
17 
C20H19N30 5 .0.75 H20 
requires 
60.87, 4 .92, 10.29; 
144-146 found 83 
60.87, 4 .92, 10.29 
N02 C20H19N30 5 .Ace. FAB 
requires 381.1325, (4.17) found 
M+=381 .1325 (-
0.1ppm) 
M++1 =382.1399(1.0 
ppm) 
18 C2oH19N30s Ace. El 
requires: 381 .1325 
47 216-218 
found: 381.1325 
N02 
(4.18) 
159 
t 
19 0 CzzH23NO ?" I requires ｾ＠ 60 110-112 83.24, 7.30, 4.41 
10 
found 
?" I 83.26, 7.36, 4.41 
(4.19) ｾ＠
20 ｾＰ＠ CzzHzzNz03 requires 72.91, 6.12, 7.73 
10 ?" 55 122-124 
found 
I 72.71, 6.05, 7.48 ｾ＠
(4.20) N02 
21 0:9 Cz3HzsNOz requires 79.51' 7.25, 4.03 ｾｉｾ＠ 70 150-152 found ｾｉ＠ 79.39, 7.17, 4.00 
(4.21) CH30 
22 C23H24N204 Acc.(CI) 
ｾＧ＠ requires: 392.1736 91 196-198 I o ｾ＠ found: 392.1736 /"I CH 0 N02 3 
(4.22) 
23 Cz2H21N 305 Acc.(CI) 
ｾ＠ requires: 407.1481 58 209-211 found: 407.1481 10-?' 
ｾｉ＠
(4.23) N02 N02 
24 
CF3'0:9 C24H24N02F3 Ace. El 
ｾｉｾ＠ 70 129-131 requires; 415.1759 ｾｉ＠ found: 415.1759 
(4.24) CH30 
25 
oj2 53 134-136 Cz4Hz1NO Ace. El ｾ＠ ·RJ requires; 345.2093 C3H7 found; 345.2093 
::::,.... 
(4.25) 
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26 ｾ＠ CzsHz9NO Ace. El 63 requires: 359.2249 oil found: 359.2249 
(4.26) 
27 ｾ＠ C27H33NO Ace. El requires: 387.2562 ｾ＠ CHr-o 57 oil 
(4.27) 6 13 
found : 387.2562 
:::::,..... 
28 ｾ＠ CzaH3sNO Ace. El requires 401.2719 ｾｈｒｊ＠ 61 oil found 401.2718 
(4.28) 
29 
oj2 Cz4Hz6Nz03 . 1 H20 requires 
,r-o_ 41 124-127 69.36, 6.93, 6.74 
C3H7 =- NOz Found 69.36, 6.56, 6.94 
(4.29) Cz4Hz6Nz03 Ace. El 
requires; 390.1943 
found; 390.1943 
30 
u9 Cz7H3zNz03 requires 74.97 7.48 6.47 ｉｾ＠ 55 122-124 Found CaH13 ｾ＠
:::::,..... N02 
74.70 7.48 6.38 
(4.30) 
31 Cz1HzzNz03 . 0.2 H20 
0' requires ｾｾ＠ 71.27 6.33 7.91 53 134-136 Found 
C3H7 N02 
71.09 6.35 7.88 
::::::,.... Cz1HzzN20 3 Acc.EI 
(4.31) requires: 350.1630 
found: 350.1630 
32 Cz4HzsNz03 Ace. El 
0' ｾｬｾ＠ 64 requires: 392.2100 104-106 
CaH13 N02 
found: 392.2100 
:::::,..... 
(4.32) 
161 
t 
ＧＮ ﾷ ﾷ Ｎｆｾﾷ ﾷ Ｚ ＺＺ＠
33 ｾ＠ C22H2oN20 Ace. E I N 50 ,om 128-130 requires: 328.1576 ｾｉ＠ found: 328.1576 ｾ＠
(4.33) (Ref; 101) 
34 ｾ＠ C23H22N20 Ace. El N 48 ,om 158-160 requires: 342.1732 ｾｉ＠ found: 342.1732 ｾ＠
(4.34) 
35 
ad< C2sH24N20 Ace. El requires: 368.1889 ,om 64 165-167 ｾｉ＠ found: 368.1889 ｾ＠
(4.35) 
36 ｾ＠
" 
C2aH3sN306 Ace El 
! 
' N 23 
requires: 509.2526 
I o ｾ＠ I 
oil 
n/H2 ' 
found: 509.2526 
Lao N:J N02 lit 23 
u (Ref; 67) 
(4.36) 
37 20N ｾ＠
" 
' 
I C2aH34N40a Ace El 
N 38 
I o ｾ＠ oil requires: 554.2380 
' 
I found : 554.2380 
n/H2 N02 
requires: 
Lao N:J 58.6, 6.1' 9.7 
u found 58.7, 6.3, 9.8 
(4.37) 
38 CF3 
ｾ＠ ｾｾ＠ C2sH34N306F 3 
' 
49 oil requires: 
I o 60.30, 5.93, 7.27 ｾＬ＠ found 
ｾｈＧ＠ 60.56, 5.94, 7.10 Lao N 2 N02 
u 
(4.38) 
162 
39 0 b.pt 
0 94 58-61 (Ref;102) 8 mm Hg (5.1) 
40 
zON'O)r 69 168-171 -ｾｉ＠ N 
I 
H 
(5.2) 
41 ｃｆ Ｓ ｾ＠ 90 oil -ｾｉ＠ N 
I 
(5.3) H 
42 
oY 84 oil -
I 
(5.4) H 
43 ｾ＠ C12H1sN2 Ace El 68 oil requires: 190.1470 found: 190.1470 I 
(5.5) H 
44 ＰＲｎｾ＠ 54 138-141 ｾｉ＠ N -
I 
(5.6) H 
45 
&r 79 oil (Ref; 91) 
I 
(5.7) H 
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46 
CF3W ｾｉ＠ N -
I 62 oil 
(5.8) H 
Ｒ Ｐｎｾ＠47 ｾｉ＠
ｾ＠ 64 
(5.9) 130-131 -
48 ｃｆ Ｓ ｾ＠ ｾＬ＠ 54 oil -
(5.10) ｾ＠
49 oyy 61+ oil -
(5.11A) H 
50 
eN: 78 oil -(5.11) 
51 
ｾ＠ I 77 oil ｾ＠
-
I 
(5.12A) H 
52 ｾ＠ C12H1sN Ace. El (5.12) ｾ＠ 87 oil requires: 173.1204 found: 173.12040 
53 Ｐ Ｒ ｎＭＮＮＮＮＮｾ＠ C12H14N202 Ace. El ｾＧ＠ > 210 67 requires: 218.1 055 
(5.13) decomposed 
found: 218.1055 
54 
u£ C14H11N Ace El 76 oil requires 199.1361 (5.14) found 199.1361 
164 
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55 ｾ＠ C14H1sN Ace. El 
ｾ＠ I N 61 94-96 requires: 198.1283 
I found: 198.1283 
(5.14A) H 
56 C1sH1sN F3 Acc.(CI) CF3n£J ｾＬ＠
70 oil requires: 267.1235 
(5.15) ｾ＠ found: 267.1235 
57 ｾ＠ C12H13NO requires 76.98, 7.00, 7.48; 
0 83 96-99 Found (5.16) 76.93, 7.13, 7.45 
58 C14H1aN03F3S 
ｾ＠ requires 89 134-136 49.84, 5.38, 4.15; Found 49.72, 5.38, 4.20 (5.1?) S02CF3-
59 C13H1sN202 Ace. El 
Ｐ Ｒ ｎｾ＠ requires: 232.1212 ｾｉ＠ 52 112-114 found: 232.1212 
+ 
(5.18) S02CF3-
60 
oi? C1sH2oN03F3S requires 52.88, 5.55, 3.86; 78 126-128 found (5.19) S02CF3- 52.50, 5.36, 3.88 
61 C11H1sN03SFs . 1 H20 
CF3U:P requires 60 112-114 45.43, 4.68, 3.12 ｾｉ＠ found 
+ I 45.12, 4.68, 3.12 
S03CF3- C17H1sN03 SF6 Ace. FAB M+ - S03CF3 (5.20) requires: 282.146960 
Found: 282.147906 
(-3.4ppm) 
165 
62 
ｾ＠ 51 128-134 -
(5.21) 1-
63 ＲＰｎｾ＠ 205-208 ｾｉ＠ 48 decomposed -
ｾ＠ lit val; 210 
(5.22) I ｾＭ
(M-HI) Acc.EI 
64 CF3u.x C13H14NF3 ｾＬ＠ measured: 41.1 078 
51 206-208 found: 241 .1 078 ｾ＠
+ 
(5.23) I r 
65 
0;7: -53 gum 
(5.24) C3H7 1-
66 ｾ＠ 51 gum -I 
(5.25) CaHn 1-
67 
a;;P C 17H23NI Ace. El M+- HI requires: 241.1830 50 gum found: 241 .1831 
C3H7 1-(5.26) 
68 ｾ＠ 68 gum C1aHz5N Ace. El I requires: 255.1987 
C4H9 1- found: 255.1987 (5.27) 
69 
a;;P C2oHz9N Ace El 68 gum requires: 283.230 
found: 283.230 I 
(5.28) CaH13 1-
166 
• 
70 CX;P -
74 gum 
C7H15 1-(5.29) 
71 
ｾ＠ C1 3H15NO Ace El 64 128-134 requires: 201.1154 found: 201.1154 
(5.30) r 
,ONV:X C12H14N202 Acc.EI 72 ｾＬ＠ red mass; 32% red plates; m.pt 95-97 
ｾ＠ N orange mass; orange mass; m.pt measured: 218.1055 44% 
I total =76% 92-94° found: 2181055 (5.31) (ref 1 03) 
73 CF3'0c:X. ｾｉｎＢＭ 34 oil -
(5.32) I 
74 ｾ＠ N 
(5.33) I 79 oil -
75 Q:£? C1 5H19N Ace. El requires: 213.1517 I 75 oil found: 213.1517 (5.34) 
76 CF3u£ ｾＧ＠ oil 
(5.35) I 
77 ex:e 62 oil -rtJ 
(5.36) C3H7 
OH 
78 &CHO 58 127-129 
I (Ref; 92) 
"- lit val;128 I 
(5.37) N02 
167 
.. 
79 OH C8H6N04CI CHO*CH,GI requires 48 93-96 44.57, 2.81, 6.50 
found 
44.77, 3.01, 6.31 
(5.38) N02 (Ref; 93) 
80 OH £"'> CHOVCH,- ｏｾ＠ 58 173-175 
(Ref; 67) 
N02 
(5.39) 
OH C1H4N20 6. 3/4H20 
81 CHOVNo2 requires 57 68-70 37.25, 2.44, 12.41 
found 
37.46, 1.97, 12.40 
(5.40) N02 (Ref; 94) 
82 OH CHQqOCH3 80 124-126 
'I (Ref; 95) 
' 
(5.41) N0 2 
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Table 27 
No compound u max (CHCI3 fim) cm·t; oH{CDCI3) m/z 
1 3500-3300(N-H), 1660, 8.74(1 H,s,N-H), 6.1- 7.5 (9H,m,ArH), 526(dimer,87.4), 464(M+, 72.9), 
(4.1) 1600(C=C), 1300 (C-0), 5.5 (IH,d,J 10, C=CH), 2.7 263(M+-1 , 38.9), 246(base peak, 1200(C-N), C-C(11 00), (3H,s,NCH3), 1.6 (3H,s,ArCH3), 100%) 
954(C-O spiro) 1.23(3H,s,CCH3) 
2 2980 (C-H), 1660, 6.7- 7.2 (7H,m,ArH), 6.7 (1 H,d J 277( M+,97.2), 159 (base peal<.1 00%) 
(4.2) 1600(C=C), 1300(C-O) . 8,ArH), 6.52 (1 H,d J 7,ArH), 5.8 1200(C-N), C-C (11 00), (IH,d,J 10, C=CH), 2.7 (3H, s, NCH3), 
954(C-O spiro) 1.6 (3H,s,ArCH3), 1.16(3H,s,CCH3) 
3 3080,2980(C-H), 1660, 7.92 (1 H, d J 2, ArH), 7.89 (1 H, s, 322( M+,82.6), 292(9.2) , 261(14.5) 
(4.3) 1615(C=C), ArH), 7.13 (1 H, t, J 2, 8, ArH), 6.99 217( 8.6 ), 159 (base peak,IOO) 1575, 1500(N02), 1340 (1 H, d J 7, ArH), 6.83 (IH,d,J 10, 
(C-0), 1200(C-N), C- C=CH), 6.78 (1H, tJ 2,8, ArH), 6.7 
C(11 00), 954(C-O (1H, d J 8, ArH), 6.4 (1H, d J 7, 
spiro) ArH),5.8 (IH,d,J 10, C=CH), 2.7 
(3H,s,NCH3), 1.3 (3H,s, ArCH3) 1.2 
(3H,s ,CCH3); 
4 2950(C-H), 1660, 6.07- 7.2 (9H,m,ArH), 4.2 348( M+, 1 00), 158 (70.3, 
(4.4) 1610 (C=C), 1575 (IH,d,J 3, C=CH), base peak, 1 00) 1550 (C-O), 210 (C- 3.02 (4H,q,2NCH2CH3), 2.9 
N), 954(C-O (3H,s,NCH3), 1.6(3H,s,Ar 
spiro) CH3), 1.5 (3H,s,CCH3), 
1.15(4H,t,2NCH2CH3 > 
5 C-H(3020), C=C(1600), <A>& H (CDCI3 );(crude); 308(M+ +1, 24.5), 307(M+, 100% base 
(4.5) C=0(1540), C-C(1220 ), spectrum showing mixture. olefinic peak), 306(M+-1 , 15.8) C-N(1200) , N02 (1450 proton 5.68-5.66(1 H,d, J=1 0) ), 954{C-O spiro), 4 1.16(3H,s, CH3 ) (singlet suggesting 
adjacent H,s (771) trans form) also 1.35, 1.33(6H,d,gem 
CH3) (suggesting cis form) 
<B> o H (CDCI3 );(recrystalised 
from EtOH);cleaner spectrum, 
aromatics less complicated. no 
olefinic proton as in (A). 1.16(3H,s, 
CH3 ) (singlet suggesting trans form) 
also 1.35, 1.33(6H,d,gem CH3) 
(suggesting cis form) 
<c> o H (CDCI3 );( shining visible light 
on (B));similar to (B) . 
0 >o H {CDCI3 );{shining UV light on 
(C)); spectrum showing mixture. 
olefinic proton 5.67-5.66(1 H,d, J=10) 
1.16(3H,s, CH3 ) (singlet suggesting 
trans form) NO doublet at 1.33 
(6H,d,gem CH3) (suggesting cis form) 
6 C-H(3018), C=C(1533), (Colourless solution; shining visible 367(M+, 4.0) 18(100% base peak) 
(4.6) C-0( 1350 ), C-C(1210 light for six minutes );8.6(1 H,s,ArH), ), C-N(1190), 4 adjacent 8.2(1 H,s, ArH), 7.1 0(1 H,d,ArH J=7), 
H,s (771 ), 954(C-O 7 .2(1 H,t,ArH), 7.0(1 H,d,ArH J=7), 
spiro) 6.9(1 H,t J 1 O,CH=CH), 6.1 (1 H,d, 
CH=CH J=1 0), 2.8(3H,s, CH3), 1.35, 
1.25 (6H,d, gem CH3) 
7 C-H(3018, 2970), C=C 7.70(1 H,d,ArH J=3), 7.63{1 H,d,ArH 354(M+ +2, 4.8), 353{M+ +1 I 21.5), 
(4.7) (1606), N02(1334 ), J=3), 7.19 (1H,t, ArH), 7.07(1H,d,ArH 352(M+, 8.6), 351 (M+ -1 ,20.0), C-N (1216), J=7), 6.87(1H,d,CH=CH J=10), 158(1 00% base peal<) 
C-C(1092), 6.85(1 H,t,ArH), 6.55(1 H,d,ArH J=7), 
4 adjacent H,s (771) 5.83{1 H,d,CH=CH J=10), 3.81 (3H,s, 
954(C-O spiro) OCH3), 2.75(3H,s, N-CH3), 1.22, 
1.18(6H,d,CH3X2) 
8 3150(C-H), 1600(C=C) 8.21 (1 H,d,ArH J 7), 8.07(1 H,d,ArH J 368(M+ +1, 31.0), 367(M+, base peak, 
(4.8) 1450(N02), 1210(C-N), 7), 7.91 (1 H,s, ArH) , 7.01 (1 H,d,ArH J 100), 366(M+ -1, 14.3) 11 OO(C-C) 954(C- 7), 6.80 (1 H,d,ArH J 7), ), 6.54 
Ospiro) (1 H,d,ArH J 7), 5.85 (1 H,d, C=CH J 
10), 2.87(3H,s,NCH3), 1.35 {3H, s, 
CCH3), 1.23 (3H, s,CCH3) 
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9 3100(C-H), 1610(C=C) 8, 19(1 H,dd J 2,8, ,ArH), 7.94 (1 H,d J yellow powder; 324(24), 323(87.4 ), 
(4.9) 1440(N02), 1200(C-N), 2,ArH), 7.15 (1 H,t J 8,ArH), 7.07 322(M+, base peak, 1 00); 11 OO(C-C) 954(C- (1H,d,ArH), 6.92(1H,d J 10,ArH), 6.87 purple crystals; 323(32.6 ), 322(M+, 
Ospiro) (1 H,d J 8,ArH), 6.70(1 H,d J 8,ArH), base peak, 100%) 
6.48(1 H,d J 8,ArH), 5.6(1 H,d, C=CH), 
2.84 (3H, s,NCH3), 1.34 (3H, s,CCH3), 
1.19 (3H, s,CCH3), Hnmr spectra 
were identical for both purple and 
yellow coloured crystals; yellow 
crystals 
10 3300 (C-H), 1660, 7.57(1H,dd J 2,8, ,ArH), 7.41 (1H,d J 345( M+, 88.2), 331 (46.9), 330(M+ -
(4.1 0) 1600(C=C), 1350-1400 2,ArH), 7.27 (1 H,t J 8,ArH), 7.07 15, 315(M+- 2X15, 38.2), 300(M+-(C-0) I 1200(C-N), C-C, (1 H,d,ArH), 6.93(1 H,d J 1 O,ArH), 6.83 3X15, 13.1), 227(base peak,100); 
954(C-Ospiro), 758(C-F) (1 H,d J 8,ArH), 6.69(1 H,d J 8,ArH), 
6.51 (1 H,d J 8,ArH), 5.66(1 H,d, 
C=CH), 2. 76(3H, s,NCH3), 1.16 (3H, 
s,CCH3), 1.13 (3H, s,CCH3) 
11 31 OO(C-H), 1600(C=C) 8.21 (1 H,d,ArH J 7), 8.05(1 H,d ,ArH J 390( M\65.6), 389(M+-1 , 9.1), 375(M+ 
(4.11) 1440(N02), 1210(C-N), 7), 7.91(1H,s, ArH), 6.95, 6.92 -15, 29.6), 167(base peak,100), 11 OO(C-C), 954(C- (1 H,d,ArH J 7), 6. 79, 6. 76 (1 H,d,ArH 149(6.9) 
Ospiro), 758(C-F) J 7), 6.56, 6.53 (1 H,d,ArH J 7), 5.84, 
5.81 (1 H,d, C=CH J 1 0), 
2.79(3H,s,NCH3), 1.35 (3H, s,CCH3), 
1.20 (3H, s,CCH3) 
12 3100(C-H), 1600(C=C), 7.49(1 H,d J 7,ArH), 7.36(1 H,s,ArH), 376(M++1, 12), 375(M+, 50), 374(M+-
(4.12) 1210(C-N), 1400(C-O), 6.95(1H,d J 7, ArH), 6.83-6.72(3H,m, 1, 1 0), 360(M+ -15) 11 OO(C-C), 954(C- ArH), 6.62(1 H,d J 7,ArH), 5.71 (1 H,d, 
Ospiro), 758(C-F) CH=CH J=10), 3.72(3H,s, OCH3), 
2.8(3H,s, CH3), 1.13, 1.06 (6H,d, gem 
CH3) 
13 2980 (C-H), 1660, 7.23- 6.52 (8H,m,ArH), 6.52 293( M+ +2, 6.2), 292(M+ +1 , 43.1 ), 
(4.13) 1600(C=C), 1300(C-O) . (1 H,broad s, C=CH ), 291 (M+, 83.3), 290(M+ -1, 42.2), 1200(C-N)954(C-O 2.85(3H,s,NCH3), 1.92 (3H,s,CH3) , 276(base peak,1 00) 
spiro) 1.29, 1.27(6H,d,2xCH3) 
14 C-H (2982), C=C(1630), 7.95 (1 H,dd,ArH, J 7), 7.89 (1 H,d J 337( M+ +12.1), 336(M+, 52.5), 
(4.14) (C-0) 1350-1400, (C- 7,ArH,), 7.20 (1 H,t 8, 2,ArH ), 7.01 322(M+ +1 - 15, 25.0), 321 (base N)1200, 954(C-Ospiro), (1 H,d J 7 ,ArH ), 6.85 (1 H,t J 2,8, ,ArH peak,100), 307(M+1- 2X15, 4.6), 
4 adj H's (735) ), 6.72 (1H,d J 7,ArH ), 6.75 306(M+- 2X15, 14.5), 291(M+-
(1 H,broad s, C=CH ), 6.60(1 H,d J 3X15, 3.3) 
7,ArH ), 2.86(3H,s,NCH3), 2.03 (3H,s 
,CH3), 1.23(6H,d,2xCH3) 
15 C-H(3020), C=C(1600), (CDCI3 );(Coloured solution); 322(M+ +1, 9.7), 321 (M+ ,39.9), 
(4.15) 1384(C-O), C-C(1210 ), spectrum too broad for 320(5.1), 306(M+·15, 100% base C-N(1190), 954(C-O characterisation; S H (CDCI3 peak) 
spiro), 4 adjacent H,s 
(775) );(Coloured solution); spectrum too 
broad for characterisation, even with 
shining visible light for six minutes, 
addition of dTFA and NaOD; S H 
(1,1 ,2,2-TCE );(lightly Coloured 
solution);7.26-6.50(8H,m,ArH), 
3.73(3H,s,OCH3), 2.88(3H,s, N-CH3), 
1.84(3H,s,CH3), 1.25,1.19 (6H,d, 
gem CH3); 
16 C-H (3018), C=C(1533), 7.59 (1H,d,ArH J 7), 7.57 (1H,d,ArH J 368(M+ +2, 5.9), 367(M+ +1, 35.7), 
(4.16) C-C(1210 ), C-N(1190), 7), 7.17(1H,t,ArH J 8, 1), 7.(1H,d,ArH 366(M+, 87.5), 351 (1 00% base peak) 4 adjacent H,s (771)C- ), 6.99 (1 H,d,ArH J 7), 6.55 (1 H,s, 
0(1554), N02(1350 ); CH=C ), 3. 7 (3H, s, OCH3), 2.83 
954(C-Ospiro) (3H,s,NCH3), 1.96 
(3H,s,CH3), 1.14(6H,d,2xCH3) 
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17 C-H(3018), C=C(1553), 8H(CDCI3 );(Coloured solution); 383(M+ +2, 4.0), 382(M+ +1,4.1 ), 
(4.17) 1400(C-O), C-C(1210 ), spectrum too broad for 381(M+ I 381), 366(M+ -15, 97.2), C-N(1190), N02(1450, characterisation; 8H (CDCI3 83(100% base peal<) 
1350), 954(C-O spiro), 4 
adjacent H,s (771) );(Coloured solution); spectrum too 
broad for characterisation, even with 
shining visible light for six minutes; 8 
H (1, 1 ,2,2-TCE );( lightly Coloured 
solution);8.5(1 H,s,ArH), 
8.01 (1 H,s,ArH), 7.2(1 H,t,ArH J 8), 
7.0(1H,d,ArH J=7), 6.9(1 H,t,CH=CH J 
8), 6.7(1H,s, ArH, broad CH=CH3 ), 
6.6(1 H,d,ArH J=7), 5.95(solvent 
peal<), 2.83(3H,s, N-CH3), 1.18, 1.17 
(6H,d, gem CH3) 
18 C-H(3020), C=C(1606), 8.20(1H,dd,ArH J 7) 8.02 (1H,dd,ArH 368(M+ +1, 6.1 ), 367(M+, 37.1 ), 
(4.18) C-0(1384), C-C(1322 ), J 7), 7.93(1H,d, ArH J 7), 7.87(1 H,d, 366(M+ -1, 100% base peal<) N02(1216), C-N(1118), ArH J=2), 6.80(1 H,d,ArH J=9), 
954(C-O spiro) , 4 6.69(1 H,broad s,ArH), 6.56(1 H,d,ArH 
adjacent H,s (775) J=9), 2.97(3H,s, N-CH3), 
2.08(3H,s,CH3), 1.27,1 .28 (6H,d, 
gem CH3) 
19 C-H(3016, 2934), 7.42, 7.38 (1H,d J=7,ArH), 7.11- 319(M++2, 25.1), 318(M++1, 83.0) , 
(4.19) C=C(1604), C-0(1482 ), 6.75(6H,m, ArH), 6.71-6.67(1 H,d 317(M+, 100% base peak), 316(M+-1 , C-N(1216), C-C(1122), J=7,ArH), 6.54, 6.50 (1 H,d J=1 0 cis 60.4) 
954(C-O spiro), 4 form ,CH=C ), 5.72, 5.66 (1 H,d J=10 
adjacent H,s (775) cis form ,C=CH), 2.72(3H,s, N-CH3), 
1.64-1.46(1 OH,m,CH2 X5); 
20 C-H(3020, 2936), 8.02(1 H,d J=2,ArH), 7.99(1 H,s,ArH), 
(4.20) C=C(1608), C=N(1516), 7.44, 7.42(1 H,d, ArH), 7.26(1 H,s, 363(M+ +1, 23.6), 362(M+, 65.0), N02 (1450, 1338), C- ArH) , 7.24.,7.20(1 H,t,ArH) , 361 (M+ -1, 5.1 ), 83 (1 00% base peak) 
N(1216 ), C-C(1088), 6.9(1 H,s,ArH), 6.88-6.84(1 H, t,ArH ), 
954(C-O spiro), 4 6.76-6.74(1 H,d J=8.8,ArH), 6.58-
adjacent H,s (775) 6.55(1 H,d,ArH), 5.90-5.88(1 H,d,ArH 
J=10) 2.7(3H,s, N-CH3), 1.97-
1.31 (1 OH,m,CH2x 5) 
21 C-H (2934), C=C(1604), 7.36(1H,d J=7,ArH), 7.15(1H,t,ArH), 348(M+ +1, 32.4), 347(M+, 100% base 
(4.21) C-N(1478 ), C-0(1264), 6.80-6.75(4H,m, ArH), 6.69(1 H,t, peak), 346(M+-1, 11.3) C-C(1 098), 954(C-O ArH), 6.51-6.48(1 H,d J=7,ArH), 5. 70 
spiro),4 adjacent H,s 5.67(1 H,d J=1 0 cis form ,ArH) 
(775) 3.67(3H,s,OCH3) 2.73(3H,s, N-CH3), 
1.66-1.53(1 OH,m, CH2x 5) . 
22 C-H(3020, 2936), solution turns electric blue); 7.69 393(M+ +1, 13.6), 392(M+ I 54.4), 
(4.22) C=C(1604), N02(1450, 7.68(1 H,d J= 7,ArH), 7.62 83(1 00% base peak) 1334 ), C-N(1216), C- 7.61(1H,d,ArH J=7), 7.41, 7.39(1H,d, 
C(1092), 954(C-Ospiro), ArHJ=7), 7.21-7.17(1H,t, ArH), 6.86, 
4 adjacent H,s (774) 6.83(1 H,d, CH=CH J=1 0), 6.85-
6.81 (1 H,t,ArH), 6.56, 6.54(1 H,d,ArH 
J=7), 5.88, 5.85(1 H,d,CH=CH J=10) 
3.81(3H,s,OCH3), 2.74(3H,s, N-CH3), 
1.95-1 .22(1 OH,m,CH2X5); 
23 C-H(3020, 2930), 8 H (CDCI3); Insoluble I broad 379(M+ +2, 13.3), 378 (M+ +1, 15.7), 
(4.23) C=C(1602), N02(1430, spectrum; 8 H (TCE); 8.42 8.40(1 H,d 377(M+, 15.7), 362(M+ -15, 5.5), 1330), C-0(1376 ), C- J= 8 ,ArH), 8.22 8.24(1 H,d J= 8 ,ArH), 352(1 00% base peak) 
N(1216), C-C(1092) , 4 7.67, 7.65(1H,d, ArH J=8), 7.41 -
adjacent H,s (774) 7.39(1 H,t, ArH) , 6.90, 6.88(1 H,d, 
CH=CH J=1 0), 6.87-6.85(1 H,t,ArH), 
6.76, 6.74(1 H,d,ArH J=8), 6.22, 
6.20(1 H,d,CH=CH J=10), 2.78(3H,s, 
N-CH3), 1.95-1.22(10H,m,CH2X5); 
24 3150(C-H), 1608(C=C), CDCI3; 7.57(1 H,s,ArH), 7 .48(1 H,d J 416(M++1, 20), 415(M+, 100% base 
(4.24) C-0(1384), 1210(C-N), 8,ArH), 6.90(1H,d J 10, ArH), 6.83- Peak) 1 OOO(C-C), 954(C- (1 H,d J 8, ArH), 6.80(1 H,d J 8, ArH), 
Ospiro), 755(C-F) 6.74(1 H,t J 7,ArH), 6.51 (1 H,d J 8, 
ArH), 5.77(1H,d, CH=CH J=10), 
3.72(3H,s, OCH3) , 2.8(3H,s, CH3), 
2.1-1 .3(1 OH,m,CH2x 5) 
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25 C-H(3020, 2930), 7.45 (1 H,d,ArH J 7); 7.21 (1 H,t,ArH J 346(M+ +1 I 22.5), 345(M+, 15.2), 
(4.25) C=C(1605), C-0(1470 ), 8), 7.11 (1 H,t,ArH J 8), 7.09(1 H,d,ArH 358(M+ -1, 14.2), 290(1 00% base C-N(1216), C-C(1074), J 8), 7.06(1 H,t, ArH J 8), peak) 
C-0 spiro(954), 4 6.82(1 H,t,ArH J8) 6.80(1 H,d,CH=CH 
adjacent H,s (775) J 10), 6.73(1 H,d,ArH J 8), 
6.46(1H,d,ArH J 7), 5.71(1H,d J 
1 O,CH=CH, cis form), 3.26 (2H,q, N-
CH2),3.1 (2H,m,CH2), 2.1-1.3 
(1 OH,m,CH2 X5). 0.83(3H, t,CH3); 
26 C-H(3020, 2930), 7.46 (1 H,d,ArH J 7); 7.21 (1 H,t,ArH J 360(M++1, 32.5), 359(M+, 95.7), 
(4.26) C=C(1600), C-0(1475 ), 8), 7.11 (1 H,t,ArH J 8), 7.08(1 H,d,ArH 358(M+ -1, 15.3), 304(1 00% base C-N(1216), C-C(1274), J 8), 7.06(1 H,t, ArH J 8), peal() 
C-O spiro(954), 4 6.82(1 H,t,ArH J8) 6.81 (1 H,d,CH=CH 
adjacent H,s (774) J 10), 6.73(1 H,d,ArH J 8), 
6.46(1 H,d,ArH J 7), 5. 70(1 H,d J 
1 O,CH=CH, cis form), 3.26 (2H,q, N-
CH2),3.1 (4H,m, CH2X2), 2.1-1.3 
(10H,m,CH2 X5). 0.83(3H, t,CH3); 
27 C-H(3020, 2930), 7.46 (1H,d,ArH J 7); 7.21{1H,t,ArH J 388(M+ +1 I 1 0.8), 387(M+, 36.8), 
(4.27) C=C(1600), C-0(1475 ), 8), 7.11(1H,t,ArH J 8), 7.08{1H,d,ArH 386(M+ -1,6.3), 190(100% base peak) C-N(1216), C-C(1274), J 8), 7.06(1 H,t, ArH J 8), 
C-O spiro(954), 4 6.82(1 H,t,ArH J8) 6.81 (1 H,d,CH=CH 
adjacent H,s (774) J 10), 6.73(1H,d,ArH J 8), 
6.46(1 H,d,ArH J 7), 5. 70(1 H,d J 
1 O,CH=CH, cis form), 3.26 (2H,q, N-
CH2),3.1 (8H,m, CH2X4), 2.1-1.3 
(10H,m,CH2 X5). 0.83(3H, t,CH3); 
28 (4.28) C-H(3012), C=C(1602), 7.39(1 H,d, ArH J=7), 7.17(1 H,t, ArH 403(M+ +2, 8.9), 402(M+ +1, 45.0), 
C-0(1385), C-N(1216), J=8), 7.06(1 H,t, ArH J 8), 7.01 (1 H,d, 401 (M+, 100% base peak), 400(M+ -1, 
C-C(1016), 954(C- ArH J 7), 6. 79(1 H,d,ArH J 8), 17.0) 
Ospiro) 6.75(1 H,d, ArH, J 7), 6.67(1 H,d,ArH J 
7), 6.53(1 H,d,ArH J 7), 5. 7(1 H,d, ArH 
J 1 0), 4.23(2H,m,CH2), 3.24 
(4H,m,CH2), 3.08 (4H,m,CH2), 2.10-
1.07(10H,m, CH2X5), 0.95(3H,t, CH3); 
29 C-H (3016, 2934), 8.01 (1 H,d obs, J 9,ArH); 391 (M+ +1, 19.5), 390(M+, 69.8), 
(4.29) C=C(1604), C-0(1472 ), 7.98(1 H,s,ArH), 7.43, 7.41 (1 H,d,J 7, 389(M+ -1, 6.6), 316(1 00% base N02(1336), ArH), 7.2(1 H,t, ArH), 6.88, 6.85(1 H,d, peak) 
C-N(1216), C-C(1274), J 10, CH=CH), 6.88-6.82(1 H,t,ArH), 
4 adjacent H,s (774) 6. 7 4-6.71 (1 H,d,J 9, ArH), 6.58, 
6.56(1 H,d,J 7, ArH), 5.90, 5.88(1 H,d J 
1 O,CH=CH, cis form), 3.18-3.05 
(2H,q, CH2), 1.90-1.25 (10H,m,CH2 
X5). 0.89-0.87(3H, t,CH3) 
30 C-H(2934, 2856), 8.01 7.99 (1 H,d obs, J 9,ArH); 433(M++1, 37.7), 432(M+, 100% base 
(4.30) C=C(1612), C-0(1472 ), 7.99(1H,s,ArH), 7.43, 7.41 (1 H,d,J 7, peak), 431(M+-1, 8.8) N02 (1336), C-N(1276), ArH), 7.21 (1 H,t, ArH), 6.89, 
C-C(1 090), C-0 6.86(1H,d, J 10, CH=CH), 6.89-
spiro(954), 4 adjacent 6.80(1 H,t,ArH), 6.74-6.71 (1 H,d,J 9, 
H,s (732) ArH), 6.58, 6.56(1 H,d,J 7, ArH), 5.90, 
5.87(1H,d J 10,CH=CH, cis form), 
3.22-3.05 (10H,m,5 X CH2), 1.97-1.26 
(10H,m,CH2 X5). 0.86-0.84(3H, 
t,CH3); 
31 (4.31) C-H(2932, 2856), 8.02 (1 H,dd, J 9,ArH); 7.99(1 H,d,J 350(M+, 59.0), 349(M+-1 I 8.8), 
C=C(161 0), C-0(1472 ), 7,ArH), 7.26(1 H,br s, ArH), 7.20- 83(1 00% base peak) 
N02 (1336), C- 7.16(1H,t, ArH), 7.09, 7.02(1H,d, J 
N(1274), C-C(1090), 7,ArH), 6.91, 6.88(1 H,d,J 10, CH=CH 
954(C-O spiro), 4 ), 6.90-6.80(1 H,t,ArH), 6.75-
adjacent H,s (732) 6. 72(1 H,d,J 8, ArH), 6.58, 6.56(1 H,d,J 
8, ArH), 5.87, 5.85(1H,d J 10,CH=CH, 
cis form), 3.10-3.09 (2H,t,CH2), 1.28-
1.18 {6H, 2 X s,CH3 X2), 0.92-
0.86(3H, t,CH3) 
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32 C-H(2932, 2856), 8.02 (1 H,d obs,ArH J 7); 392(M ,7.6), 172(100% base peak) 
(4.32) C=C(1610), C-0(1472 ), 7.99(1H,d,ArH J 7), 7.20-7.16(1H,t, N02(1336), C-N(1274), ArH J 7), 7.08, 7.06(1 H,d, J 8,ArH), 
C-C(1 090) , 954(C-O 6.88(1H,d,J 10, CH=CH ), 6.90-
spiro), 4 adjacent H,s 6.85(1H,t,ArH J 7), 6.75-6.73(1 H,d,J 
(732) 8, ArH), 6.58, 6.56(1 H,d,J 8, ArH), 
5.87, 5.85(1H,d J 10,CH=CH, cis 
form), 3.25-3.11 (1 OH,t,CH2X5), 1.28-
1.18 (6H, 2X s,CH3X2), 0.87-
0.83(3H, t,CH3) 
33 C-H(3020), C=C(1630), 8.55 (1H,d, ArH J 8), 7.75(1H,s,ArH), 329(M +1, 6.3)1 328(M I 25. 7)1 
(4.33) C=0(1728 ), 7.74(1H,d obs, ,ArH J 8), 7.65(1H,d, 313(M+ -15, 24.7), 298(M+ -30, 4.5), C=N(1428), C-N(1216), ArH J 9), 7.55, (1 H,t, J 8,ArH), 83(1 00% base peak) 
C-C(1110) 4 adjacent 7.39(1H,t, ArH ), 7.21(1H,d,ArH J 9), 
H,s (772) 7.08(1H,d,J 8, ArH), 7.00 (1H,d,J 81 
ArH), 6.89(1H,t J 8, ArH), 6.58(1H,d,J 
8, ArH), 2. 76(3H,s, N-CH3), 1.34, 
1.25(6H,d,CH3x 2) 
34 C-H(3020), C=C(1630), (1,1,2,2-TCE; ); 8.54 (1 H,d, ArH J 8), 344(M +2, 6.3)1 343{M +1, 32.1 ), 
(4.34) C=0(1726)1 C=N(1428), 7.74(1H,d,ArH J 8), 7.62{1H,d, ArH J 342(M+I 78.5), 341(M+ -1, 10.2)1 C-N(1214), C-C(928) 4 9}, 7.55, (1 H,t, J 8,ArH), 7.38(1 H,t, 327(1 00% base peak) 
adjacent H,s (758) ArH ), 7.19{1H,d,ArH J 9), 7.06(1H1d1J 
8, ArH)1 6.98 (1 H,d1J 8, ArH), 
6.82(1 H,t J 81 ArH)1 6.57(1 H,d,J 8, 
ArH), 5.97 (1 H,s, ArH)1 
2.91 (3H1s, N-CH3), 2.34(3H, S1CH3 )1 
1.24, 1.17 (6H,d,CH3x 2) 
35 (4.35) C-H(3054, 2932), 8.57 (1 H,d, ArH J 8), 7.78(1 H,s,ArH), 369(M +1, 32.1 ), 368(M , 28.5), 
C=C( 1602)' C=O( 1726) I 7.76(1 H,d obs, ,ArH J 8), 7.68(1H,d, 83(100% base peak) 
C=N(1428), C-N(1214), ArH J 8), 7.57, (1 H,t, J 8,ArH), 
C-C(928) 4 adjacent 7.42(1 H,t, ArH ), 7.34(1H,d,ArH J 8), 
H,s (758) 7.21 (1 H,t,J 8, ArH), 7.04 (1 H,d,J 8, 
ArH), 6.86(1 H,t J 8, ArH), 6.56(1 H,d1J 
8, ArH), 2. 75(3H,s, N-CH3), 2.10-
1.19(1 OH,m,CH2x 5) 
36 2850, 2950 (CH), 8.5 (1 H,d, J 41 7-H of benzopyran) 509(M ,1 0.9)1 158(base peak, 1 00); 
(4.36) 1600(C=C), 14501 7.8(1H,d J4, 5-H of benzopyran) 6.8-1350(two bands due to 7.3(4H,m, ArJ:L,of indolinine), 6.55 
symmetric& (1 H,d J 10, CH2=C!:!Ph), 5.84 (1 H,d, 
unsymmetric str of J 10, CH2=C.!::!Ph J 8),4.4-3.9(14H, m, N02), 1380(C-0), 
OCH2 and PhCH2), 2.5-3.0 (7H, 1250(C-C)1 1130(C-N) m,NC!:!3 and NCH2CH20), 1.23 
(6H,d,CCH3) 
37 2850, 2950 (CH), 8.5 (1 H,d, J 4, 7 -H of benzopyran) 554(M ,32), 539(M -15-1581 19), 
(4.37) 1600(C=C), 1450, 7 .8(1 H,d J4, 5-H of benzopyran) 6.8 - 203(base peak, 1 00); 1350(two bands due to 7.3(3H,m, Ar!:!_,of indolinine), 6.55 
symmetric & (1 H,d J 10, CH2=C.tiPh), 5.84 (1 H,d, 
unsymmetric str of J 10, CH2=C.!::!Ph J 8),4.4-3.9{14H, m, N02), 13BO(C-O), 
OCH2 and PhCH2), 2.5-3.0 (7H, 
1250(C-C), 1130(C-N) m,NC.!::!3 and NCH2CH20), 1.23 
(6H,d,CCH3) 
38 2850, 2950 (CH), 8.5 (1 H,d, J 4, 7-H of benzopyran) 577(M I 66.1), 562(M -15, 20.7)1 
(4.38) 1600(C=C), 1450, 7.8(1 H,d J4, 5-H of benzopyran) 6.8- 560(M+ -15-2H, 10.7)1 532(M+ -3CH31 1350{two bands due to 7.3(3H,m, ArJ:L10f indolinine), 6.55 5.3), 83(1 00%, base peak) 
symmetric & (1 H1d J 10, CH2=C!:!Ph)1 5.84 (1 H1d, 
unsymmetric str of J 101 CH2=C!:!Ph J 8)14.4-3.9(14H, m, N02), 13BO(C-O), 
OCH2 and PhCH2)1 2.5-3.0 (7H, 
1250(C-C), 1130(C-N) miNC!:!3 and ｎｃｈ Ｒ ｃｈ Ｒ ＰＩｾ＠ 1.23 758(C-F) (6H,d,CCH3) 
39 (5.1) C-H (3020), C=0(1700), 2.36(1 H1m1CH), 2.1 (1 HlsiCH3), 1.8- 126 (M 1 1 00% base peak) 
C-C(1020) 0.9 (1 OH1m1 CH2X5) 
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40 (5.2) N-H( 3370), C-H (3020, 8.14 (2H,broad d,Ar!:h J 8) , 7.08 (2H, 220(M+, 8.1), 131(100% base peal<) 2968), C=C(1598), C- broad d,Ar.!:!. J 8) , 4. 70(1 H,bs, NH), 
C(1320}, N02(1216), 2.55 (1 H,hept,(CHlhCtl), 1.9 (3H,s, 
ArH(760) CH3), 1.09 (6H,d,(CH3 hCH) 
41 (5.3) 3500-3300 (=N-H, 7.45 (2H,broad d,Ar!:h J 8) , 7.07 (2H, 244(M+, 8.3}, 201 (9.2, M+ - C(CH3)2 
secondary amines broad d,Art!, J 8) , 4.77(1 H,bs, NH), H }, 186(8.2, M+ -CH3C(CH3)2 H), 
absorb weakly), 2.55 (1 H,hept,(CH3hCtl), 1.91 (3H,s, 
3100(C-H), 1650 (C=C), CH3), 1.14 (6H,d,(CH3 hCH) 172(M+ -N=CCH3(CH3)2 H, 4.5) 
1530(C=N), 1300- 171(-HN=CCH3(CH3)2 H,3.1) 
1150(C-F) 145(base peak, 100), 69(CF3 
fragment, 17.4) 
42 (5.4) 3500-3300 (=N-H, 7.3 -6.8 (5H,m,Ar!:!l, 4.75 (1 H,bs, 176(M+, base peak 1 00%), 
secondary amines NH), 2.55 (1 H,hept,(CH3hCtl), 1.91 
absorb weakly), (3H,s, CH3), 1.14 (6H,d,(CH3 hCH) 
31 OO(C-H), 1650 (C=C), 
1530(C=N) 
43 (5.5) 3500-3300 (=N-H, 7.3 -6.8 (5H,m,Ar!:!l, 2.6 (1 H,q,Ct!), 191 (M+ +1, 16. 7), 190(M+, 100%, base 
secondary amines 2.3-2.2 (2H,q, CH2 of C2H5) 1.2 peak), 175( M+ -CH3 , 3.6 ) 
absorb weakly), (6H,t, 2x ArCH3), 1.1 (3H,t,CH3 of 31 OO(C-H), 1650 (C=C), 
1530(C=N) C2H5) 
44 (5.6) N-H( 3374), C-H(3020), 8.1 (1 H, d,Ar!:h J 8) , 7.6 (1 H, s,Art! J 237(M++ 2, 7.4), 236(M++1, 59.1), C=C(1598), N02 (1324), 8), 2.34 (1 H,q,CH), 1.26 (3H,t, CH3}, 235(M+,1 00% base peak), 220(M+-
C-N(1216), C-C(11 00) 1.18 (6H,d, 2x CH3) 15, 35.5), 206(M+ -2x15, 29.3), 
192(M+ -3x15, 8.6) 
45 (5.7) N-H( 3650), C-H(3020), 11.0(1 H,s,N-H, 0 20 exchangable), 216 (M+, 6.6), 215 (M+-1, 8.1) C=C(1616), C-C(1 020), 7.25(2H,t,ArH), 7.05, 7.03 18(1 00% base peak) 
C-N(1520), ArH(760) (2H,dd,Art!) , 6.83, 6.79 (1 H, t,Art! J 
8) , 1.9 (1 H,m,Ctl), 1.82 (3H,s,CH3), 
1.78-1.17 (10H,m,CH2): 
46 (5.8) N-H( 3650), C-H(3020), 7.47, 7.44(2H,t,ArH J=7), 7.09, 7.06 286 (M+ +2, 4.6), 285 (M++1, 4. 7), C=C(1616),C-N(1525), (2H,d,ArH J=7), 1.9 (1 H,m,Ctl), 1.84 284 (M+, 5.4), 145(100% base peal<) 
C-C(1 020), C-F(785), (3H,s,CH3), 1.78-1.17 
ArH(760) (1 OH,m,CH2X5); 
47 (5.9) C-H(3020), C=C(1598), 8.16-8.10 (1H, dd,ArH, J =2 J=8), 204(M+, 100% base peak), 203(M+-C=N(1524)C-C(1310 ), 8.06 (1 H, d,ArH J=2), 7.55 7.52 (1H, 1, 36.1), 189(M+ -15, 98.7), 174(M+ -2 
C-N(1112), N02(1216), d,ArH, J =8) x15, 2.4), 159(M+-3x15, 5.9), 144(M+ 
ArH(760) 2.3 (3H,s, CH3), 1.3 (6H,s, 2x CH3) -4 x15, 3.2) 
48 (5.1 0) 3000-2900(C-H), 75-7.7 (3H,m,Ar.!:!} , 2.3 228(M+ +1, 20.6), 227(M+ , 98.1 ), 
1600(C=C), 1530(C=N), (3H,S,C.!:b), 1.3 (6H,S,ArCH3) 226(M+ - 1, 69.3), 212( base peak, 
1250(C-F) 100) 
49 (5.11A) 3500-3300 (N-H), 7.6-7.0 (4H,m,ArH), 3.3 (1H,q,CH), 158(M+, 24.1), 128(100%, base 
3100(C-H), 1655 (C=C), 1.4 and 1.3 (6H,d, 2x CH3) peak), 
1420(C-N) 
50 (5.11) C-H(3018), 1450, 7.6 -7.0 (4H,m,ArH), , 2.3 159(M+, 11.9), 146(100%, base (C=N),}, C=C(1533), C- (3H,S,Ct!3), 1.3 (6H,S,ArCH3 peak), 
C(121 0 ), C-N(1190), 4 
adjacent H,s (771) 
51 (5.12A} 3500-3300 (N-H), 7.6-7.0 (4H,m,ArH), 3.3 (1H,q,CH), 173(M+, 34.2), 158(1 00%, base 
3100(C-H), 1655 (C=C), 2.3-2.2 (3H,s,CH3), 1.4 and 1.3 peak), 
1420(C-N) (6H,d, 2x CH3) 
52 (5.12) C-H(3018), 1450, 7.3 -6.9 (4H,m,ArH) ,2.6(2H,q, CH2 of 174(M+ +1, 8.9), 173(M+, 62.5), (C=N),), C=C(1533), C- C2H5), 1.49 (3H,t,CH3 of C2H5), 158(100%, base peak) 
C(121 0 ), C-N(1190), 4 1.47(6H,s, 2x ArCH3} 
adjacent H,s (771) 
53 (5.13) C-H (3020), C=C(1596), 8.28-8.24(1 H,dd,ArH, J=2,8), ); 8.16- 219(M++1, 17.2), 218(M+, 87.1), C-C(1326 }, C-N(111 0), 8.15(1 H,d,ArH), 7.68 7.65(1 H,d, Ar), 217(M+-1, 31.7), 203(M+ -15, 100% 
N02(1216), ArH(760) 2.68(1 H,q, CH2 OF C2H5 ), 1.3(3H,t, base peak), 173(M+ -3x 15, 5.1) 
CH3 OF C2H5 ), 1.18(6H,s,gem CH3); 
54 (5.14A) N-H(3472), C-H(3018}, 7.90(1H, broads, N-H), 7.53-7.51 200(M+ +1,22.9), 199(M+, 100% base C=C(1598), C-N(1216}, (1H, d,ArH, J 7), 7.31 (1H, d,ArH J 7 peak), 198(M+-1, 11.5) 
C-C(1034) ) , 7.15 6.99 (2H, m,ArH) 6.23 
(1H,s, C=H), 2.7 (1H,m, H), 2.31-
1.25(10H,m,CH2): 
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55 (5.14) C-H(2932)1 C=N(1688)1 7.90(1H1 broad S 1 N-H)1 7.53-7.51 200(M+ +1 127.6)1 199(M+, 100% base C=C(1598)1 C-N(1216), (1HI d,ArH, J =)I 7.31 (1H1 d1ArH J= peak), 198(M+-1, 42.2) 
C-C(1026) ) I 7.15 6.99 (2H1 m,ArH) 6.23 
(1H,s, C=H), 2.7 (1 H,m1 H )1 2.31-
1.25(1 OH,m,CH2) 
56 (5.15) C-H(2932), C=N(1688), 7.92(1 H, d J 7, ArH), 7.62(1H, s,ArH) 268(M++1, 35.1), 267(M+, 91 .6), C=C(1598), C-N(1216), I 7.26 (1H, d J 7,ArH), 2.32 (3H, 266(M+ -1, 49.8) 252(1 00% base 
C-C(1 026), C-F(778) s,CH3) 1.83-1.21 (1 OH1m, CH2 x 5); peak) 
57 (5.16) C-H (3018), C=O 7.8-7.2(4H,m,ArH), 187 (M+,52.7), 186(M+,-114.5), 
(1684), C=C(1533), 2.66(3H,s,CH3), 185(13.3), 144(100%, base peak), 
C-C(1210 ), C- 1.47(6H,s,gem CH3) 85(22.1) 
N(1190), 4 adjacent 
H,s (771) 
58 (5.17) C-H (2982)1 C=C(1632), 7.69-7.20 ＨＴｈ Ｑ ｭＬａｲＡＺＡｬｾ＠ 4.15(3H,s,N- 187 (M+- 149(S03CF3) 78.7), C=N (1630), C-F(1264), CH3-S03CF3) 3.28-3 .. 22 (2H,q, CH2 173(4.11 )1 172(1 00%, base peak); 
S02-0(1154), C-N( of C2H2), 1.63 (6H,t, 2x ArCH3), 1.45-
1032), 4 adj H's (736) 1.41 (3H,t,CH3 of C2H5); 
59 (5.18) C-H (3020), C=C(1590), 8 H (MeOH ); 8.68(1 H1s,ArH), ); 8.56- 233(M+- S03CF3, 6.7), 323(M+-C-C(1325 ), C-N(121 0), 8.53(1 H,dd,ArH), 8.09 8.06(1 H,d, Ar), S03CF3 _1, 41.7), 218(M+- S03CF3-
ｎＰ Ｒ ＨＱＲＱＶＩｾ＠ ArH(760), C- 4.15(3H,s, N-CH3 ), 3.49(2H,q, CH2 15, 17.7), 217(100% base peak), 
F(758) OF C2H5 ), 1.19(3H,t,CH3 of C2H5), 203(M+- S03CF3 .2x 15, 4.2) 
1.17(6H,s, gem CH3); 
60 (5.19) C-H(3020), C-C(1590), 7.93, 7.91 (1 H,d,ArH); 7.68- 233(M+- S03CF3, 6.7), 323(M+-C-C(1325 ), C-N(1210), 7 .66(1 H,d,ArH)1 S03CF3 _1, 41 . 7)1 218(M+- S03CF3-
ArH(760), C-F(758) 7.62(1H,t, Ar J 8), 7.56 (1H1 tl ArH J 15, 17.7)1 217(100% base peak), 
8)1 4.12(3H,s, N-CH3) 1 2.88 (3H,sl 203(M+- S03CF3 .2x 15, 4.2) 
CH3)1 2.08, 1.54 (1 OH,m, CH2); 
61 (5.20) C-H(3020), C=C(1590)1 8.12(1 H,s,ArH), 7.91 (1 H1d,ArH J 7), 370(M+- CF3, 7.7), 282(M+- S03CF3 I C-C(1325 ), C-N(1210)1 7 .84(1 H,d,ArH J 7), 4.17(3H,s, N-CH3 9.4 ), 83(1 00% base peak) 
ArH(760), C-F(758) ), 2.89(3H1s,CH3), 2.00-1.16(1 OH,m, 
CH2 X5 ); 
62 (5.21) 1500-1450, (C=N)1 nmr spectrum too broad for 201(10.5), 187 (M+- HI, 8.1), 172(M+-
1660(C=O), 161 O(C=C), characterization of peaks; Hl-15, 40.3)1 158(100%, base peak), 
1400(C-N)1 1100(C-C) 157(M+- HI-2X151 9.8) , 
(5.22) 2950(C-H), 1740(C=N), proton spectrum too broad for 218(M+, 87.3 ), 203( base peak, 1 00) 
63 1660, 1610(C=C) 1440 characterisation of peaks (N02) 1200(C-N), 
1100(C-C) 
64 (5.23) 1500-1450, (C=N), 8.1 - 8.4 (3H,m,ArH) , 4.02 242(M+- HI, 10.0), 18(base peal<, 
1660, 1610(C=C), (3H1s,NCH3), 2.8 (3H,s,CH3), 1.6 100); 
1400(C-N), 1300- (6H,s,ArCH3) 1150(C-F), 11 OO(C-C) 
65 (5.24) C-H (3018, 2940)1 C=C 8.52-7.65(1H,d1 ArH J 7), 7.77, 201 (M+-HI, 6.59), 144(1 00% base (1606), C=N (1640), C-N 7.76(1 H,d, ArH J 7)1 7.63(1 H,t, ArH J peal<) 
(1216), C-C (1032) 7), 7.56(1 H,t, ArH J 7), 4.69-
4.63(4H,t, 2 X CH2), 3.52(3H,s, CH3), 
1.66(6H1s, CH3X2), 0.74(3H,t, CH3); 
66 (5.25) C-H (3018, 2940) 8.52-8.55(4H1m, ArH), 4.66-4.51 243(M+ -HI, 50.1), 242(M+ -HI, 5.5), C=C(1606), C=N(1640)1 (10H,tl 5 X CH2), 3.53(3H,s, N-CH3), 144(1 00% base peal<) 
C-N(1216}, C-C(1032) 1.18(6H1s, CH3X2), 0.63(3H,t, CH3); 
67 (5.26) C-H (3018, 2940) 8H(1, 1,2,2-TCE); 7.98, 7.96(1 H,d, ArH 242(M++1-HI, 27.9), 241 (M+-HI,83.8}, C=C(1606), C=N(1640), J=7), 7.67- 7.62(3H, br m, ArH ), 240(M+-1-HI, 11.8), 186(100% base 
C-N(1216), C-C(1032) 4.54(2H,t, CH2), 2.99(3H,s, CH3), peal<) 
2.1 0-1.57(12H,ml CH2X5)1 1.09-
1.05(3H,t, CH3);better resolved 
spectrum- 8H(CDCI3);7.96, 
7.94(1H,d1 ArH J=7)1 7.77, 7.76(1H,d, 
ArH J=7), 7.63(1H,t, ArH), 7.56(1H,t1 
ArH)1 4.71 (2H1t1 CH2) , 3.17(3H,s, 
CH3)1 2.06-1.59(12H,ml CH2X5), 
1.11 (3H,t, CH3) 
68 (5.27) C-H (3018, 2940) 7.961 7.94(1 H1d, ArH J=7), 7.72, 257(M++2-HI, 4.2), 256(M++1-HI, C=C(1606), C=N(1600), 7.69(1 H,d, ArH J=7), 7.65(1 H,t, ArH), 26.4), 255(M+-HI,86.9), 254(M+-1-HI, 
C-N(1216)1 C-C(1032) 7 .56(1 H,t1 ArH)1 4. 70(2H,t, CH2), 8.9), 200(1 00% base peak) 
3.17(3H,s, CH3), 2.13-1.46(14H,m, 
CH2X7), 1.03(3H1t, CH3) 
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69 (5.28) C-H (3018, 2930) 7.96, 7.94(1 H,d, ArH J=7), 7.70, 285(M++2-HI, 7.5), 284(M++1-HI, C=C(1600), C=N(1426), 7.68(1 H,d, ArH J=7), 7.60(1 H,t, ArH}, 44.8}, 283(M+-H1,100% base peak), 
C-N(1216}, C-C(1 042) 7.57(1 H,t, ArH), 4.70(2H,t, CH2), 282(M+·1-HI, 20.8) 
3.16(3H,s, CH3), 2.13-1.23(18H,m, 
CH2X9), 0.91(3H,t, CH3) 
70 (5.29) C-H (2934, 2860) 7.96, 7.94(1H,d, ArH J-7), 7.73, 299(M+ +2-HI, 62.6), 298(M+ +1-HI, C=C(1606), C=N(1466), 7.71(1H,d, ArH J=7), 7.64(1H,t, ArH), 32.6), 297(M+ -HI,100% base peak), 
C-N(1380), C-C(1 096) 7.56(1 H,t, ArH), 4.67(2H,t, CH2), 3.09 296(M+-1-HI, 17.7) 
(3H,s,CH3), 2.30-1 .07(20H,m, 
CH2X1 0), 0.87(3H,t, CH3) 
71 (5.30) C-H(3018),C=0(1660) too broad for characterization 201 (M+ I 15), 187 (12.5), 186(12.5), C=C(1533), C-C(1210), 172(14.98), 158(7.2), 149(7.0),}, 
C-N(1190 ), 4 adjacent 85(12.2), 83(17.9), 43(4.4}, 31(5.5), 
H,s (771) 18(1 00%, base peal<) 
72 (5.31) 2950(C-H), 1608(C=C), 6.16-7.91 (3H,m,ArH), 4.13 (2H, 219(13.2), 218(84.9 ), 203( base 
1365(N02) 1204(C-N), C=CH2) 3.13 (3H,S,NCH3), 1.6 peak,IOO} 
1008(C-C) (3H,S,ArCH3), 1.19 (3H,S,ArCH3) 
Hnmr spectra were identical for both 
red and orange coloured crystals 
73 (5.32) 2750(C-H), 1650(C=C), solubility problems encountered, not 244(M+ +3, 27), 243(M+ +2, 40), 1240(C-N), (720)C-F soluble in chloroform, acetone or 242(M+ +1, 22), 241 (M+, 12) , 183( 
DMSO base peak,IOO) 
74 (5.33) C-H (2982), C=C(1632), 6.38-7.09 (4H,m,ArH), 4.33-4.30 188( M+, 3.8), 175(base peak, 1 00) C=N (1630), C-N(1032), (1H,q, C=CH), 2.93 (3H,s,NCH3), 
4 adj H's (735) 1.92-1.88 (3H,d,CH3) I 
1.13(6H,s,ArCH3 x2) 
75 (5.34) C-H(2934), C= N (1644), 7.44 (1 H,d J=7,ArH), 7.14(1 H,t, ArH), 215(M++1, 18.5}, 214(M+, 46.9), C=C(1604), C-C(1908}, 6.74(1H,t, ArH), 6.56(1H,d J=7,ArH), 213(M+ -1, 80.0), 158(1 00% base 
C-C(908), 4 adjacent 3.88(2H,dd J=1 0, 10 I C=CH2 ), 3.02 peak) 
H,s (775) (3H,s, N-CH3}, 1.83-1.54(10H,m,CH2 
X5 
76 (5.35) 3100, 2935(C-H), 7.65(1H,s, ArH), 7.55 (1H,d J 7, 282(M++1, 12), 281(M+, 100%, base 
1605(C=C), 1210(C-N), ArH), 6.83(1 H,d J 7, ArH}, 3.88(2H,dd peak) 
11 OO(C-C), 750(C-F) J 10, 10, C=CH2), 2.8(3H,s, N- CH3), 
2.1-1.3 (10H,m, CH2) 
77 (5.36) C-H(2934) , C= N (1624), 7.42 (1 H,d J=7,ArH), 7.14(1 H,t, ArH) , 242(M++1, 12.5), 241 (M+, 52.9), C=C(1600), C-C(1908), 6.72(1 H,t, ArH), 6.56(1 H,d J=7,ArH), 240(M+-1, 12.0), 184(100% base 
C-C(906), 4 adjacent 3.88(2H,dd J=1 0, 10, C=CH2 ), 2.88 peal<) 
H,s (774) (2H,s, N-CH2), 3.02 (3H,s, N-CH2), 
1.83-1.54(11 H,m,CH2 X5) 
1.12(3H,t,CH3) 
78 (5.37) OH(3682), C-H (3020), (DMSO ); 1 0.35(1 H,s,CHO), 8.42(1 H,s 169(M+ +2, 3.0), 168(M+1 , 23.8), C=0(1722), C=C(1594), broad, ArH), 8.35- 8.33(1 H,d 167(M+, 100% base peak) 
C-C (1320 ), N02(1216 ) broad,ArH), 7.20- 7.17(1 H,d,ArH) 
79 (5.38) 3390(0H), 2924(C-H), 11.98(1 H,s,OH) , 9.95(1 H,s, CHO), 217(24.7), 216(7.0), 215(59.7), 
3018,2924(C-H), 8.50 (2H,S,CH 2), 4.68 (2H,s,CH2 199(5.7), 181(35.3) 180(100%, base 
1698(C=O), 1600(C=C), Cl); peak) 
1446(N02), 722(C-CI) 
80 (5.39) 2700-3000 (CH2), (triethylamine) 7.3(1 H,s,!:!CI), 3.2 354(M+ - 1 I 19), 323(M+ - NO), 
1698(C=O), 1565(C-O), (q,C!:!3CH2), 1.46(t, C!:!3CH2); 279(M+ - N02 + CHO), 253(M+ -
1560, 1350(two bands (product); 1 0.2(1 H,s,C!:!O), N02 + CHO + OH, 30), 180(M+ -
due to symmetric & 8.28(1 H, d,J 2, Ar.!::!l , 8.1 o (1 H,d, J 2, crown, 57) 
unsymmetric str of Ar!:!), 4.2 (2H,s,C!:!2Ar), 3.61 and 
N02), 1150(C-N) 3. 78(12H,m,OCH2cH20cH2CH20). 
3.3(4H,q, NC!:!2cH3) 
81 (5.40) OH(3400), C-H (3018), 1 0.43(1 H,s,CHO), 9.14, 9.13(1 H,d, 212(M+, 19.2), 211(M+-1, 3.1), C=C(1533), 1500(N02), ArH), 8.99, 8.98(1 H,d,ArH), 194(1 00% base peal<) 
C-C(121 0 ), C-N (1190) 3.7(1 H,broad s, OH) 166(M+ -N02 , 3.0) 120(M+ -2xN02 , 
3.6) 
82 (5.41) OH( 3350), C=O (1694 11 .73(1 H,s,CHO), 10.00(1 H, s,OH), 199(M++2, 4.0), 198(M++1, 31 .7) , ), C=C(1604 ), C-N(1450 8.24(1 H,s,ArH), 7.94 (1 H,s,ArH), 197(M+, 100% base peak) 
), N02( 1330) 4.03(3H,s,OCH3) 
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Photochromic Studies 
The UV irradiation of these studies were carried out under steady state conditions, either 
using a 200W high pressure mercury Xenon (broad UV emission) lamp (A. max 290-
400nm), with optical filters as required or, in the reverse direction by use of a 1 OOW 
tungsten light. 
The ring opened/ closed forms were monitored on a UV/ visible spectrophotometer. As 
expected the series showed variable behavior. 
The photochromic studies were generally carried out in acetonitrile, dichloroethane or 
methanol in the absence and presence of varying amounts of metal perchlorates. 
Perchlorate salts were dried in a drying-pistol at 11 ooc to constant weight before use. 
UV spectroscopy was carried out using Perkin Elmer Lambda 5 and Lambda 9 
spectrophotometers; both instruments are double beamed with thermostatically controlled 
cell blocks. The Lambda 9 is also fitted with an RS 232 port which allows remote control 
by a PC. All UV measurements, were run at 25°C unless stated otherwise, using 3 cm3 
quartz cells having 1 em path length and are referenced against air. 
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Measurements 
Quantitative UV Studies 
1. Freshly prepared 2 X1 o-5M solutions (in dry Analar acetonitrile) of the following crown 
substituted spiropyrans were made up in the dark. 
(4.36) R1 =H R2= N02 
(4.37) R1 = N02 R2=N02 
(4.38) R1 = CF3 R2= N02 
R 
2. Freshly prepared 2 X1Q-5M solutions (in dry Analar acetonitrile) of 
(4.3) R1 =H R2= N02 
(4.8) R1 = N02 R2=N02 
(4.11) R1=CF3 R2=N02 
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3. Freshly prepared 1M solutions of MCI04 e.g M=Li+, Na+, Ca2+, Ba2+ and Mg2+ 
and the following concentration was made up according to the table below. 
Spiropyrand vol final conc'n MCI04 in vol (ml) final overall ratio 
erivative (ml) CH3CN conc'n vol 
in CH3CN 
2 X 10-5M 1 X 10-5M 1M 0.5 0.25M 2m I 1:25000 
1ml 
2 X 10-5M 1 X 10-5M 1M 0.3 0.15M 2m I 1:15000 
1ml 
2 x 1o-5M 1 X 1o-5M 1M 0.1 0.05M 2m I 1:5000 
1ml 
2 X 10-5M 1 X 10-5M 1 X 1o-1M 0.5 0.025M 2m I 1:2500 
1ml 
2 X 10-5M 1 x 1o-5M 1 X 10-2M 0.5 0.00250 2m I 1:250 
1ml 
2 X 1o-5M 1ml 1 X 10-5M 1 X 10-2M 0.1 0.0005 2m I 1:50 
A solution of 1M Co and Cu sulphate (1 :1) is prepared to act as a filter solution to filter out 
unwanted wavelengths using 2mm of Pyrex glass. This has a visible window of 450-
650nm. 
The position of equilibrium was measured by UV spectroscopy for systems; 
(a) Before adding the metal salt, in the dark for 1 hour. 
(b) After adding the metal salt in the dark for 1 hour. 
(c) Exposure of the solution to UV light using a focused 200W high pressure mercury 
Xenon light source, for 1 minute, remeasuring the UV spectrum. (Photoirradiations were 
carried out in the UV range 365nm using Electro-optics focussed mercury arc lamp). 
(d) In the VIS region photo irradiations were carried out by exposing the solution to 1 OOW 
tungsten spotlight for 3 minutes and remeasuring the UV spectrum. 
The reversibility of the system was examined by repetition of the light cycles. 
179 
• 
Thermal UV studies 
(A ) Thermal decolouration UV studies on (3) and (20) 
(B ) Thermal colouration UV studies on (5) and (23) 
(A) The thermal decolouration process of the two series at 1 X1 o-4M in acetonitrile, DCE 
and methanol was observed principally after solutions had been irradiated with the UV 
lamp for 1 minute. Immediately after the photoirradiation, the absorbance at 550nm, due to 
the merocyanine dye, was continuously measured at 21 oc (also at 50° C for methanol), 
versus time. 
Initially, a freshly prepared 1 X1 o-4M solution of the cyclohexyl series derivative 
model(4.20) and the gem dimethyl series (4.3) in (a)acetonitrile (b)DCE and (c)MeOH 
was made up in the dark. 
(4.3) (4.20) 
The position of equilibrium was measured by UV spectroscopy : 
(a) After leaving the solution in the dark for 1 hour. 
(b) After exposure of the solution to UV light using a focused 200W high pressure mercury-
xenon light source, for 1 minute (Appearance of a peak in the visible region occurs due to 
the merocyanine formed). 
(c) Continuous measurement at 30 sec intervals, (disappearance of visible peak, 
thermally). 
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(B) The thermal colouration process of the two compounds (4.23) and (4.5) at 1 X1 o-4 M 
in methanol was observed by monitoring the appearance of a peak in the visible region 
due to the merocyanine dye. The appearance was continuously measured at 21 °C, and at 
40 oc versus time. 
Initially, a freshly prepared 1 X 10-4M solution of the cyclohexyl series derivative model 
(23) and the gem dimethyl series (5) was made up in dry MeOH in visible light (daylight). 
(4.5) (4.23) 
The position of equilibrium was measured by UV spectroscopy : 
(a) After exposing to visible daylight for 1 hour. (favours coloured form for both series) and 
(b) continuous measurement at 30 sec intervals, (appearance of visible peak, thermally) 
(in the dark). 
Thermal UV Studies 
Thermal decolouration and colouration UV studies on (4.3), (4.20) and (4.30) and 
(4.32) 
The thermal decolouration and colouration processes of the four series were studied at 1 
X 1o-4M in methanol and measured at 23°C , versus time. 
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(4.3) (4.20) (4.32) (4.30) 
Quantitative UV Studies EXTRACTION STUDIES 
1. Freshly prepared 2 X1 o-4M solution (in dichloroethane) of the following substituted spiropyrans 
were made up in dark. 
(4. 7) (4.16) (4.22) 
spiropyrans ( 4. 7, 4. 16 and 4. 22) used for zn2+ studies. 
(4.38); Crowned spiropyran used for ca2+, Ba2+ and Mg2+ studies 
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2. Freshly prepared 1M solutions of MCI04 e.g M= ca2+, Ba2+ and Mg2+ 
and zn2+ in water and the following concentration was made up according to the table 
below. 
Spiropyra vol (ml) final conc'n MCI04 in vol (ml) final overall ratio 
nderivativ WATER conc'n vol 
e 
in DCE 
2 X 10-4M 1ml 1 X 10-4M 2 x 10-4M 1ml 1 X 10-4M 2m I I : 1 
2 x 1o-4M 1ml 1 X 1o-4M water only 1ml - 2m I I: 0 ( *) 
( * ) = control 
2. The position of equilibrium was measured by UV spectroscopy for system (4.38): 
(a) Before adding the metal salt, in the dark for 1 hour. 
(b) After adding the metal salt in the dark for 1 hour and stirring using a magnetic stirrer 
and mechanical motor. 
(c) Exposure of the solution to UV light using a focused 200W high pressure mercury 
Xenon light source, for 1 minute, remeasuring the UV spectrum. 
(d) In the VIS region photoirradiations were carried out by exposing the solution to 1 OOW 
tungsten spotlight for 3 minutes and remeasuring the UV spectrum. 
The experiment was repeated simultaneously four times, and 3 ml of the aqueous layers 
collected and were submitted for ICP analysis. 
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Appendix 
Compound Structure Chemical Abstract name 
1,3,3-Trimethyl spiro [lndoline- 2,2· (2'H)-
benzopyran), Spiro [2H-1-benzopyran-2. 2'-
[2H] Indole], 1,3'-Dihydro-1',3', 3'-trimethyl-
[1485-92-3], 1972, 76: 119893c; 77 : P 
107742K, 113289j. 
Spiro [2H- Indole- 2,3' - [3H] naphth 2, 1-b] 
[1 ,4] oxazine], 1 ,3-Dihydro-1,3,3-trimethyl-
[27333-47-7], 1983, 98: 152714x; 1984. 101: 
172229b; 1985, 103: P 197494P. 
2,3,3-Trimethyl- 3H- Indole. [1640-39-7]. 
1973, 78: P 59767u, P 125842t, 79: 17791 n. 
2,3- Dihydro-, 1 ,3,3-trimethyl-2-methylene-
[118-12-7], 1982,96: 8119y, P70439f, 
122706n, P 144464j. 
3 H- lndolium, 1,2,3,3-tetramethyl iodide 
[5418-63-3], 1982, 96:53804d; 1983, 98: 
4509u, 127677e; 1986, 105: P 97154a. 
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Experimental data obtained from temperature studies using UV spectroscopy (sectrion 
4.6.1.) 
Thermal decolouration rate for compound 4.3 (g.m) and compound 4.20 (c) in acetonitrile 
at 2 X 10-4M, 21 oc . 
compound 4.20 (c) 4.20 (c) compound 4.3 (g .m) 4.3 (g.m) 
4.20 (c) 4.3 (g.m) 
open form open form 
T Absorbance LnA T Absorbance LnA 
557nm 555nm 
dark 
0 0.81 -0.21072 0 0.716 -0.33408 
0.5 0.547 -0.60331 0.5 0.618 -0.48127 
1 0.386 -0.95192 1 0.508 -0.67727 
1.5 0.277 -1.28374 1.5 0.405 -0.90387 
2 0.204 -1.58964 2 0.325 -1.12393 
2.5 0.155 -1.86433 2.5 0.263 -1.3356 
3 0.122 -2.10373 3 0.216 -1.53248 
3.5 0.1 -2.30259 3.5 0.18 -1.7148 
4 0.085 -2.4651 4 0.152 -1.88387 
4.5 <0.02 4.5 0.131 -2.03256 
5 <0.02 5 0.115 -2.16282 
5.5 0.103 -2 .27303 
6 0.094 -2.36446 
6.5 0.087 -2.44185 
7 <0.02 
Thermal decolouration rate for compound 4.20 (c) and compound 4.3 (g.m) in DCE at 2 x 
10-4M, at 21 C. 
compound 4.20 (c) 4.20 (c) compound 4.3 (g.m) 4.3 (g.m) 
4.20 (c) 4.3 (g.m) 
T open form LnA open form LnA 
dark Absorbance dark Absorbance 
0 0.608 -0.49758 0 0.47 -0.75502 
0.5 0.311 -1.16796 0.5 0.283 -1.26231 
1 0.174 -1.7487 1 0.136 -1.9951 
1.5 0.127 -2.06357 1.5 
2 0.095 -2.35388 2 
2.5 2.5 
3 3 
Thermal decolouration rate for compound 4.20 (c) and compound 4.3 (g.m) in MeOH at 2 x 
1o-4M at rm temp 21 ac 
compound 4.20 (c) 4.20 (c) compound 4.3 (g.m) 4.3 (g.m) 
4.20 (c) 4.3 (g.m) 
Absorbance Absorbance 
dark T open form LnA dark T open form Ln A 
0 0.665 -0.40797 0 0.85 -0.16252 
0.5 0.665 -0.40797 0.5 0.829 -0.18754 
1 0.645 -0.4385 1 0.818 -0.20089 
1.5 0.637 -0.45099 1.5 0.81 -0.21072 
2 0.629 -0.46362 2 0.804 -0.21816 
2.5 0.621 -0.47642 2.5 0.795 -0.22941 
3 0.612 -0.49102 3 0.787 -0.23953 
3.5 0.604 -0.50418 3.5 0.779 -0.24974 
4 0.596 -0.51751 4 0.771 -0.26007 
4.5 0.587 -0.53273 4.5 0.763 -0.2705 
5 0.579 -0.54645 5 0.756 -0.27971 
5.5 0.571 -0.56037 5.5 0.748 -0.29035 
6 0.563 -0.57448 6 0.741 -0.29975 
6.5 0.556 -0.58699 6.5 0.733 -0.31061 
7 0.548 -0.60148 7 0.726 -0.32021 
7.5 0.54 -0.61619 7.5 0.719 -0.32989 
8 0.533 -0.62923 8 0.711 -0.34108 
8.5 0.525 -0.64436 8.5 0.705 -0.34956 
9 0.518 -0.65778 9 0.696 -0.36241 
9.5 0.511 -0.67139 9.5 0.691 -0.36962 
10 0.504 -0.68518 10 0.684 -0.3798 
10.5 0.497 -0.69917 10.5 0.677 -0.39008 
11 0.49 -0.71335 11 0.671 -0.39899 
11.5 0.483 -0.72774 11.5 0.664 -0.40947 
12 0.477 -0.74024 12 0.657 -0.42007 
12.5 0.47 -0.75502 12.5 0.657 -0.42007 
13 0.463 -0.77003 13 0.645 -0.4385 
13.5 0.457 -0.78307 13.5 0.638 -0.44942 
14 0.451 -0.79629 14 0.632 -0.45887 
14.5 0.445 -0.80968 14.5 0.626 -0.4684 
15 0.438 -0.82554 15 0.62 -0.47804 
15.5 0.432 -0.83933 15.5 0.614 -0.48776 
16 0.426 -0.85332 16 0.607 -0.49923 
16.5 0.42 -0.8675 16.5 0.602 -0.5075 
17 0.415 -0.87948 17 0.596 -0.51751 
17.5 0.409 -0.89404 17.5 0.59 -0.52763 
18 0.404 -0.90634 18 0.584 -0.53785 
18.5 0.398 -0.9213 18.5 0.579 -0.54645 
19 0.392 -0.93649 19 0.573 -0.55687 
19.5 0.387 -0.94933 19.5 0.567 -0.5674 
20 0.382 -0.96233 20 0.562 -0.57625 
20.5 0.377 -0.97551 20.5 0.557 -0.58519 
21 0.372 -0.98886 21 0.551 -0.59602 
21.5 0.367 -1.00239 21.5 0.547 -0.60331 
22 0.362 -1.01611 22 0.541 -0.61434 
Thermal decolouration rate for compound 4.20 (c) and compound 4.3 (g.m) in MeOH at 2 x 
1 o·4M at 50°C 
compound 4.20 (c) 4.20 (c) compound 4.3 (g.m) 4.3 (g.m) 
4.20 (c) 4.3 (g.m) 
Absorbance Absorbance 
dark T open form LnA dark T open form Ln A 
0 0.582 -0.54128 0 0.949 -0.05235 
0.5 0.51 -0.67334 0.5 0.875 -0.13353 
1 0.443 -0.81419 1 0.842 -0.17198 
1.5 0.383 -0.95972 1.5 0.817 -0.20212 
2 0.333 -1 .09961 2 0.788 -0.23826 
2.5 0.291 -1.23443 2.5 0.763 -0.2705 
3 0.256 -1.36258 3 0.737 -0.30517 
3.5 0.227 -1.48281 3.5 0.712 -0.33968 
4 0.204 -1.58964 4 0.687 -0.37542 
4.5 0.185 -1.6874 4.5 0.662 -0.41249 
5 0.169 -1.77786 5 0.638 -0.44942 
5.5 0.156 -1.8579 5.5 0.615 -0.48613 
6 0.145 -1.93102 6 0.591 -0.52594 
6.5 0.138 -1.9805 6.5 0.568 -0.56563 
7 0.131 -2.03256 7 0.546 -0.60514 
7.5 0.127 -2.06357 7.5 0.524 -0.64626 
8 0.124 -2.08747 8 0.503 -0.68717 
8.5 0.121 -2.11196 8.5 0.483 -0.72774 
9 0.119 -2.12863 9 0.463 -0.77003 
9.5 0.117 -2.14558 9.5 0.444 -0.81193 
10 0.115 -2.16282 10 0.426 -0.85332 
10.5 0.113 -2.18037 10.5 0.408 -0.89649 
11 0.112 -2.18926 11 0.391 -0.93905 
11.5 0.111 -2.19823 11.5 0.375 -0.98083 
12 0.11 -2.20727 12 0.359 -1.02443 
12.5 0.11 -2.20727 12.5 0.345 -1.06421 
13 0.11 -2.20727 13 0.331 -1.10564 
13.5 0.109 -2.21641 13.5 0.318 -1.1457 
14 0.109 -2.21641 14 0.306 -1 .18417 
14.5 0.108 -2.22562 14.5 0.294 -1.22418 
15 0.108 -2.22562 15 0.283 -1.26231 
15.5 0.108 -2.22562 15.5 0.274 -1.29463 
16 0.108 -2.22562 16 0.264 -1.33181 
16.5 0.108 -2.22562 16.5 0.255 -1.36649 
17 0.108 -2.22562 17 0.247 -1.39837 
17.5 0.108 -2.22562 17.5 0.24 -1.42712 
18 0.108 -2.22562 18 0.233 -1.45672 
18.5 0.107 -2.23493 18.5 0.228 -1.47841 
19 0.108 -2.22562 19 0.217 -1.52786 
19.5 0.108 -2.22562 19.5 0.212 -1.55117 
20 0.108 -2.22562 20 0.208 -1.57022 
20.5 0.204 -1.58964 
21 0.203 -1.59455 
21.5 0.198 -1.61949 
22 0.195 -1.63476 
22.5 0.193 -1.64507 
23 0.192 -1.65026 
23.5 0.19 -1.66073 
24 0.188 -1.67131 
24.5 0.187 -1.67665 
25 0.186 -1.68201 
25.5 0.185 -1.6874 
26 0.184 -1.69282 
26.5 0.183 -1.69827 
27 0.182 -1.70375 
27.5 0.182 -1.70375 
28 0.182 -1.70375 
28.5 0.181 -1.70926 
29 0.181 -1.70926 
29.5 0.181 -1.70926 
30 0.18 -1.7148 
30.5 0.18 -1.7148 
31 0.181 -1.70926 
31.5 0.181 -1.70926 
I 
·I 
• 
Thermal colouration rate for compound 4.23 (c) and compound 4.5 (g.m) in MeOH at 2 x 1 o-
4M at 22°C 
compound 4.23 (c) 4.23 (c) compound 4.5 (g.m) 4.5 (g.m) 
4.23 (c) 4.5 (g.m) 
Absorbance Absorbance 
dark T open form LnA dark T open form LnA 
22 0.121 -2.11196 22 0.19 -1.66073 
23 0.123 -2.09557 23 0.194 -1.6399 
24 0.127 -2.06357 24 0.198 -1.61949 
25 0.13 -2.04022 25 0.201 -1.60445 
26 0.133 -2.01741 26 0.208 -1.57022 
27 0.136 -1.9951 27 0.215 -1.53712 
28 0.14 -1.96611 28 0.223 -1.50058 
29 0.143 -1.94491 29 0.231 -1.46534 
30 0.146 -1.92415 30 0.239 -1.43129 
31 0.15 -1.89712 31 0.248 -1.39433 
32 0.154 -1.8708 32 0.255 -1.36649 
33 0.158 -1.84516 33 0.264 -1.33181 
34 0.161 -1.82635 34 0.273 -1.29828 
35 0.165 -1.80181 35 0.282 -1.26585 
36 0.169 -1.77786 36 0.291 -1.23443 
37 0.173 -1.75446 37 0.3 -1.20397 
38 0.177 -1.73161 38 0.31 -1.17118 
39 0.181 -1.70926 39 0.32 -1.13943 
40 0.185 -1.6874 40 0.33 -1.10866 
41 0.19 -1.66073 41 0.34 -1.07881 
42 0.194 -1.6399 42 0.35 -1.04982 
43 0.198 -1.61949 43 0.361 -1.01888 
44 0.203 -1.59455 44 0.372 -0.98886 
45 0.207 -1.57504 45 0.383 -0.95972 
46 0.212 -1.55117 46 0.394 -0.9314 
47 0.217 -1.52786 47 0.406 -0.9014 
48 0.221 -1.50959 48 0.417 -0.87467 
49 0.227 -1.48281 49 0.43 -0.84397 
50 0.231 -1.46534 50 0.442 -0.81645 
51 0.237 -1.4397 51 0.454 -0.78966 
52 0.242 -1.41882 52 0.467 -0.76143 
53 0.247 -1.39837 53 0.48 -0.73397 
54 0.253 -1.37437 54 0.493 -0.70725 
55 0.257 -1.35868 55 0.507 -0.67924 
56 0.263 -1.3356 56 0.521 -0.65201 
57 0.265 -1.32803 57 0.535 -0.62549 
58 0.275 -1.29098 58 0.549 -0.59966 
59 0.28 -1.27297 59 0.563 -0.57448 
60 0.286 -1.25176 60 0.577 -0.54991 
61 0.293 -1.22758 61 0.593 -0.52256 
62 0.299 -1.20731 62 0.608 -0.49758 
63 0.305 -1.18744 63 0.622 -0.47482 
64 0.311 -1 .16796 64 0.638 -0.44942 
65 0.318 -1.1457 65 0.654 -0.42465 
66 0.325 -1.12393 66 0.671 -0.39899 
67 0.331 -1.10564 67 0.687 -0.37542 
68 0.338 -1.08471 68 0.704 -0.35098 
69 0.345 -1 .06421 69 0.72 -0.3285 
70 0.352 -1.04412 70 0.737 -0.30517 
71 0.359 -1.02443 71 0.755 -0.28104 
72 0.366 -1.00512 72 0.772 -0.25877 
73 0.373 -0.98618 73 0.79 -0.23572 
74 0.381 -0.96496 74 0.808 -0.21319 
75 0.388 -0.94675 75 0.826 -0.19116 
76 0.396 -0.92634 76 0.844 -0.1696 
77 0.404 -0.90634 77 0.862 -0.1485 
78 0.412 -0.88673 78 0.881 -0.1267 
79 0.42 -0.8675 79 0.899 -0.10647 
80 0.427 -0.85097 80 0.919 -0.08447 
Thermal colouration rate for compound 4.23 (c) and compound 4.5 (g.m) in MeOH at 2 x 1 o-
4M at 40°C 
compound 4.23 (c) 4.23 (c) compound 4.5 (g.m) 4.5 (g.m) 
4.23 (c) 4.5 (g.m) 
Absorbance Absorbance 
dark T open form LnA dark T open form LnA 
7 0.119 -2.12863 7 0.189 -1 .66601 
8 0.121 -2.11196 8 0.208 -1.57022 
9 0.124 -2.08747 9 0.228 -1.47841 
10 0.127 -2.06357 10 0.247 -1.39837 
11 0.129 -2.04794 11 0.266 -1 .32426 
12 0.133 -2.01741 12 0.286 -1.25176 
13 0.135 -2.00248 13 0.306 -1.18417 
14 0.139 -1.97328 14 0.326 -1.12086 
15 0.142 -1 .95193 15 0.346 -1 .06132 
16 0.145 -1.93102 16 0.366 -1.00512 
17 0.148 -1.91054 17 0.387 -0.94933 
18 0.152 -1.88387 18 0.407 -0.89894 
19 0.155 -1 .86433 19 0.428 -0.84863 
20 0.159 -1.83885 20 0.448 -0.80296 
21 0.162 -1.82016 21 0.469 -0.75715 
22 0.166 -1.79577 22 0.49 -0.71335 
23 0.17 -1.77196 23 0.511 -0.67139 
24 0.174 -1.7487 24 0.533 -0.62923 
25 0.178 -1.72597 25 0.555 -0.58879 
26 0.182 -1.70375 26 0.576 -0.55165 
27 0.187 -1.67665 27 0.599 -0.51249 
28 0.191 -1.65548 28 0.643 -0.44161 
29 0.196 -1.62964 29 0.653 -0.42618 
30 0.201 -1.60445 30 0.665 -0.40797 
31 0.206 -1.57988 31 0.687 -0.37542 
32 0.211 -1.5559 32 0.71 -0.34249 
33 0.216 -1.53248 33 0.732 -0.31197 
34 0.221 -1.50959 34 0.756 -0.27971 
35 0.226 -1.48722 35 0.777 -0.25231 
36 0.232 -1.46102 36 0.8 -0.22314 
37 0.237 -1.4397 37 0.823 -0.1948 
38 0.243 -1.41469 38 0.846 -0.16724 
39 0.248 -1.39433 39 0.868 -0.14156 
40 0.255 -1.36649 40 0.891 -0.11541 
41 0.261 -1.34323 41 0.914 -0.08992 
42 0.266 -1.32426 42 0.982 -0.01816 
43 0.272 -1.30195 43 0.96 -0.04082 
44 0.279 -1.27654 44 0.982 -0.01816 
45 0.285 -1.25527 45 1.005 0.004988 
46 0.292 -1.231 46 1.027 0.026642 
47 0.299 -1.20731 47 1.051 0.049742 
48 0.306 -1.18417 48 1.072 0.069526 
49 0.314 -1.15836 49 1.096 0.091667 
50 0.321 -1.13631 50 1.119 0.112435 
51 0.329 -1.1117 51 1.141 0.131905 
52 0.337 -1.08767 52 1.164 0.151862 
53 0.344 -1.06711 53 1.169 0.156149 
54 0.352 -1.04412 54 1.189 0.173113 
55 0.36 -1.02165 55 1.202 0.183987 
56 0.368 -0.99967 56 1.254 0.226338 
57 0.376 -0.97817 57 1.276 0.24373 
58 0.384 -0.95711 58 1.298 0.260825 
59 0.394 -0.9314 59 1.321 0.278389 
60 0.403 -0.90882 60 1.343 0.294906 
61 0.412 -0.88673 61 1.387 0.327143 
62 0.421 -0.86512 62 1.388 0.327864 
63 0.431 -0.84165 63 1.409 0.34288 
64 0.44 -0.82098 64 1.453 0.37363 
65 0.45 65 1.453 
66 0.459 66 1.475 
67 0.462 67 1.497 
68 0.479 68 1.519 
69 0.489 69 1.54 
I 
Thermal decolouration rate for compound 4.20 (c) and compound 4.3 (g.m), compound 4.30 
(a.c) and compound 4.32 (a.g.m), in MeOH at 2 x 10-4M at 21°C 
compound compound compound compound 
4.3 (g.m) 4.20 (c) 4.32 4.30 
(a.g.m) (a.c) 
T open LnA open LnA open LnA open LnA 
(mins) form (A) form (A) form (A) form {A) 
0 0.648 -0.434 0.429 -0.901 0.502 -0.68916 0.403 -0.90882 
2 0.612 -0.491 0.388 -0.947 0.472 -0.75078 0.369 -0.99696 
4 0.603 -0.505 0.37 -0.994 0.459 -0.77871 0.346 -1.06132 
6 0.583 -0.54 0.354 -1.038 0.446 -0.80744 0.327 -1 .1178 
8 0.57 -0.563 0.339 -1.08 0.433 -0.83702 0.3 -1.20397 
10 0.556 -0.6 0.327 -1.12 0.423 -0.86038 0.29 -1.23787 
12 0.542 -0.612 0.314 -1.16 0.416 -0.87707 0.278 -1 .28013 
14 0.53 -0.639 0.303 -1.19 0.409 -0.89404 0.263 -1.3356 
16 0.517 -0.67 0.291 -1 .211 0.404 -0.90634 0.253 -1.37437 
18 0.502 -0.689 0.28 -1.273 0.397 -0.92382 0.244 -1.41059 
Thermal colouration rate for compound 4.20 (c) and compound 4.3 (g.m), compound 4.30 
(a. c) and compound 4.32 (a.g.m), in MeOH at 2 x 1o-4M at 21 oc 
compound compound compound compound 
4.3 (g.m) 4.20 (c) 4.32 4.30 
(a.g.m) (a.c) 
T open LnA open LnA open LnA open LnA 
(mins) form form form form 
(A) (A) (A) (A) 
0 0.046 -3.07911 0.02 -3.67 0.044 -3.005 0.057 -2.8647 
2 0.049 -3.01593 0.025 -3.6 0.055 -2.90042 0.06 -2.81341 
4 0.054 -2.91877 0.035 -3.52 0.065 -2.73337 0.064 -2.74887 
6 0.056 -2.8824 0.035 -3.35241 0.074 -2.60369 0.07 -2.65926 
8 0.057 -2.8647 0.039 -3.24419 0.081 -2.51331 0.071 -2.64508 
10 0.059 -2.83022 0.043 -3.14656 0.09 -2.40795 0.078 -2.55105 
12 0.063 -2.76462 0.046 -3.07911 0.099 -2.31264 0.081 -2.51331 
14 0.065 -2.73337 0.047 -3.05761 0.104 -2.26336 0.084 -2.47694 
16 0.066 -2.7181 0.048 -3.03655 0.11 -2.20727 0.087 -2.44185 
18 0.067 -2.70306 0.048 -3.03655 0.115 -2.16282 0.089 -2.41912 
